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[ 0001] The present invention relates to an inplantable biomaterial and

nmet hods of producing sane. In particular, the invention relates to a

nmet hod of treating a collagen- containing biomterial to reduce and/or
alleviate calcification and inprove |onggvity of the biomaterial, 10 which
can be used on or with an inpl antable deV|ce and net hods of prodUC|ng
sane. BACK
changi ng and/ i
enabl e"such tissues to be |nplanted |nto a I|v1ng nannallan body. Exanples
of changed apdr;fixed inplantable biological tissues include cardiac 20

val ves, bl oot~vessels, pericardium skin, dura mater, tendons and
Ilganents [ 0003] These bi ol ogi cal tissues consi st nalnly of- col |l agen and

el astin. sThe[ppQidity/ ehaspirekbytofnegtioR5Biakegi ¢al ahi 8 %@%nit%bh@r gely
det er m ned b%ﬁthe rela ive collﬁg n and elastin content in the tissues

and/ or the 9§?E§Fl€ nPPGuRSERBASoP Lt RECEHARBEL PFRSt i d8uBFTAMWEIK.
[ 0004] Each tbélageénﬂmbﬁcmbeaC@Bststs nkthbyee 3@ rpakypepti delchagins

i ntertw ned [ |Ied tri.ple, helix cal ent.s.used to
preserve bio%%ﬁ%%a ssﬁggat85ﬁ§?aFPyrF8PﬁF ggoFiﬁE Bé?ﬁgen anm no

groups situateticiéncehéopobypepnpdevehabngewitlyi nfatbel bageateoliedul e
('ntraHQRﬁcu%ﬁiéhaéaﬂebé @%egegﬂegg @Qkﬁcﬁﬂtlﬁﬁhgﬁgﬁﬁle device and

methods of producing same.

BACKGROUND

15 [0002] There are numerous methods for chemically
changing and/or fixing the collagenous matrix of
biological tissues to enable such tissues to be implanted
into a living mammalian body. Examples of changed and
fixed implantable biological tissues include cardiac

20 wvalves, blood vessels, pericardium, skin, dura mater,

tendons and ligaments.

[0003] These biological tissues consist mainly of

collagen and elastin. The rigidity/elasticity of most
25 Dbiological tissues is largely determined by the relative

collagen and elastin content in the tissues and/or the

physical configuration of the connective tissue framework.

[0004] Each collagen molecule consists of three

30 polypeptide chains intertwined to form a coiled triple
helix. Chemical agents used to preserve biological tissues
generally form cross-links between amino groups situated
on the polypeptide chains within a collagen molecule
(intramolecular) as well as between adjacent collagen

35 molecules (intermolecular).

[0005] Collagen-based biomaterials, when used as




35 nol ecul es (internolecular). [0005] Coll agen-based bi omaterials, when
used as 2 inplantable devices in different recipient species, are prone
to hyperacute rejection. This hyperacute rejection is a natural

i mrunol ogi cal response, triggered by antigens present in the structure of
the col | agen-based 5 biomaterial. Hyperacute rejection is a rapid
degenerative process, which affects the function and durability of such

an |nplantabl evic 0 The, a nicity of. co Iagen based

bi omaterial st (%ﬁé 4%%#%%%5H1£?§§%&ﬁ%% S RHERY St oes- T1%ki ng of
t he col | agen. pﬂ?mes|mlhmmmtmm%mtewmd§mmﬂsem¢w‘@mmﬂctlon
irradiation t 1 esul do :%ﬁﬂf S j ki ng
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and 15 certalmqﬂﬂqﬁewxyt%rﬁ)‘bmmsum e Takkrgen drieal

cross-linki ng, ageMs-idn catyaaei-based il omderials. raﬂ;ﬂ@oc?el ek ©$61 ¥4 nki ng
col I agen invol ves the reaction of a cross-Ilinkin gg e oups
of 1ysine or PXPIRF oMMV L Festitude o?rlréﬁqu%?e%f p‘%?"ﬁ)@pijr% %’ﬂ ‘g

Anot her knowmnnretioidhrofalsYOSSe+idki ng col lagen is to activate the carboxy
groups of glutam c and aspartic acid residues in a polypeptide chain to

react with the amne groups of another pol ypeptide chain to form am de
bonds. 25 [0p0B]6ICr ossEhe reki inigy eraic &t v oo Hecperd ormeek $5d bp i oyd e Lahs ne

groups of adl@aqf%e p&iﬁ’;?ﬁ&ééé’& SN NS WA D o A bSagyanat 85, s i ch{ggubts in

the formatio
the collagen Physical cross-linking methods such as

ultraviolet irradiation or thermal dehydration results in
low density cross-linking. Chemical agents such as
formaldehyde, glutaraldehyde, dialdehyde starch and

15 certain polyepoxy compounds have been used as chemical
cross-linking agents in collagen-based biomaterials.
[0007] . Cross-1linking colfégen involves the reaction of
a cross-linking agent with amine groups of lysine or

20 hydroxylysine residues on different polypeptide chains.
Another known method of cross-linking collagen is to
activate the carboxyl groups of glutamic and aspartic acid
residues in a polypeptide chain to react with the amine
groups of another polypeptide chain to form amide bonds.

25
[0008] Cross-1linking can also be performed by bridging
amine groups of adjacent polypeptide chains with
diisocyanates, which results in the formation of urea
bonds. This method is less popular due to the toxicity and

30 the low solubility of most diisocyanates.

[0009] In recent times, glutaraldehyde has been the
cross-linking agent of choice. Glutaraldehyde is rendered
bifunctional due to the presence of an aldehyde present at

35 both ends of a five carbon aliphatic chain. Apart from
fixing the tissue, glutaraldehyde is an excellent

sterilising agent for preparing bioclogical tissues for




bonds. This nmethod is | ess popular due to the toxicity and 30 the | ow
solubility of nobst diisocyanates. [0009] In recent tines, glutaral dehyde
has been the cross-1linking agent of choice. d utaral dehyde is rendered

bi functional due to the presence of an al dehyde present at 35 both ends of
a five carbon aliphatic chain. Apart froem3fi-xing the tissue, glutaral dehyde
is an excellent sterilising agent for preparing biological tissues for C.
3 - inplantatinplah08t@bnln particul ar, permanently inplantable

bi omateri al s, which have been fixed with glutaral dehyde, 5 include porcine
bi oprost hetic heart valves, bovine pericardial valves and bovi ne _
pericardi al pabehes. [001lpprAipndbkenpassenéated wnphahbebliapl antation of

bi ol ogi cal nma j ; ss- | inke it epi agent s 0_is,that these
n;ter?als, spggé??ggffgighewégpFaggﬁ%aﬁagge$%§€%nwgﬁﬂtﬁ%%éaﬁ%?%??%%%ﬁ t end
to calcifyy Chlelrfeapporinefbinpseshheeitcahsacanvaksakt bavineffening

whi ch resP't.péﬂiggﬁaﬁgﬂtbﬁmvégdaﬁé!EH&anfpéPfchéﬁéia%a%%ﬁe-? known t hat
both extrinsic and intrinsic calcificationi1s 15 responsible for the

calcification of cross-linked biomaterials. [0012] Unfortunately,

gl ut ar al dehyde0ds1knownAt propl efbaes6al §t&dCat tRNth b&gn&ﬁ@££§6§-of@aCFi0n
of 20 al dehy ines in the biomaterjals formunstable imnes

e and. primary am b
(Schiff base)gﬁ%?%%lgﬁ%s%agiﬁ%? St eFERIR L G EEAr 4 URhG R F ot 39 ES,
bi omat erildl . Usbbuad theebydeserials, specifically the collagen and

elastin in these materials, tend to calcify. Calcification
of these materials can result in stiffening which result
Y in degradation and failure of the material. It is known
that both extrinsic and intrinsic calcification is
15 responsible for the calcification of cross-linked

biomaterials.

[0012] Unfortunately, glutaraldehyde is known to
promote calcification in biomaterials. Reaction of

20 aldehyde and primary amines in the biomaterials form
unstable imines (Schiff base) which subsequently release
glutaraldehyde from the biomaterial. Unbound aldehydes
present in the tissue can cause severe tissue irritations,
such as inflammatory reactions, after implantation. There

25 is therefore a need to remove or inactivate the

<ﬂ> calcification-promoting effects of cross-linking agents

such as glutaraldehyde.

[0013] The mechanism of calcification of cross-linked

30 biomaterials has not yet been fully understood. Clinical
data have shown that factors such as patient age,
infection, host tissue chemistry, dehydration, distortion,
dietary factors and inadequate initial anticoagulation
therapy can promote calcification of implanted

35 biomaterials.

[0014] Many attempts have been undertaken to find ways




present in the tissue can cause severe tissue irritations, such as

i nflammatory reactions, after inplantation. There 25 is therefore a need to
renove or inactivate the ("~A calcification-pronoting effects of
cross-linking agents such as gl utaral dehyde. [0013] The mechani sm of
calcification of cross-linked 30 bionatesials has not yet been fully
understood. Cinical data have shown that factors such as patient age,

i nfection, host fissue Cham sidve: delmdil ian.cdishartiieny dietary factors

and inadequate i'nit1al an |coagdfat|on therapy can pronote cal.cifi.cation
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W al Cc

fixed tissues ohol " before | nplantati on. t he

tissue has al ekadly- betd0tr ods-Biomed: P& W'ﬂglg%@%ggé%’vf{)ﬂzw&%ﬁ . Even
in instanges MRS B4t SSMESy&KEra DI £-ddwibatedidthdde f esenceiraf @Elxashol ,
the period of Lo SXPOSHS LP-SLSFHLR0 SN 1 40 28 48Tl WndDSidgsence
the tissue has already been cross-linked before being
exposed to alcohol. Even in instances where tissues are
pre-incubated in the presence of alcohol, the period of
15 exposure is often too short to be useful or the presence
of buffer and other agents adversely affects the cross-
linking stability (see, for example, Vyavahare et al.,
1997, supra). Alternative processes to fix biomaterials
with non-glutaraldehyde reagents have also been described
20 and these include, but are not limited to, the use of
polyglycidal ethers (Imamura et al., (1988), Jpn. J.
Artif. Organs, 17:1101-1103); photo-oxidation (Moore et
al., (1994), J. Biomed. Mater. Res., 28:611-618).

25 [0015] Treatment of cross-linked biomaterials with
amino-di-phosphate and surfactant has demonstrated reduced
calcification in these biomaterials after implantation.
However, these agents tend to wash out of the biomaterial
after implantation and only delay the calcification

30 process.

[0016] The use of alcohol in the treatment of
biomaterials is well known, but is limited to its use as a
solvent and/or sterilising agent. For example, the use of
35 alcohol in the treatment of biomaterials against
pathologic calcification is limited to its use in

previously cross-linked collagenous biomaterials; US Pat




of buffer and other agents adversely affects the cross- linking stability
(see, for exanple, Vyavahare et al., 1997, supra). Alternative processes
to fix biomaterials wth non-glutaral dehyde reagents have al so been
descri bed 20 and these include, but are not Iimted to, the use of

pol ygl ycidal ethers (lmanura et al., (1988),-Jpn. J. Artif. Ogans,
17:1101-1103); photo-oxidation (More et al., (1994), J. Bioned. Mater.

Res., 28:611-848) 5, 2%6[ 0085] L.Evoatment . of aggosstéinkedohbompLerighs with
anlno di - phoiﬁgg ? ?gg surfactant has demonstrated reduced calcification
in these bio Ar8 4t ter i npl antation. However, these agents tend to

wash out of the biomaterial after inplantation and only delay the

caIC|f|catlon[gglgpocengnggga?LtIpe gggegf g{g@hg&lagsthe trg tnené of

bi omaterials is e s°1588s%a"*<€8I véht® and/ or
sterilisinmg agehbodFof Exaﬁpbéngthebmsmabérias ahabhbésia thegtteatnent of

bi omaterial's agaigstnpat Pl egicieabgiibgation is linited to its use in
previ ously cross-1linked col | agenous biomaterials; US Pat - 5 No. 5,746,775

(Levy at al.) and International Pat. No. 084/ 01894 [0017] Consequently,
there still exumtsra need for a 5 nethod of producing a biomaterial that
has a long-term resistance to calcification. SUMWARY 10 [0018] The

i nventors have devel oped net hods that overcone or at |east alleviate the
probl ens 1¢¥ [0018] The inventors have developed methods that

overcome or at least alleviate the problems of
calcification with collagen-containing implantable

biomaterials.

15 [0019] Accordingly, in a first aspect the present
invention provides a method for producing an implantable
biomaterial comprising:

(a) exposing a biomaterial to an alcohol-
containing solution for at least 24 hours.

20
[0020] In a second aspect, the present invention
provides a method of treating a collagen containing
biomaterial to produce calcification resistant biomaterial
comprising: '

25 (a) exposing a biomaterial to an alcohol-

) containing solution for at least 24 hours.
[0021] In some embodiments, the method of the first and
second aspects further comprise the steps:
30 (b) exposing said material in step (a) to a
cross-linking agent; and
(c) exposing said material in step (b) to an
acidic solution;
wherein step (b) and (c) are sequential to step (a).
35
[0022] While it is preferred that step (a) is carried
out for at least 24 hours, more preferably at least 36




calcification with coll agen-containing inplantable biomaterials. 15 [0019]
Accordingly, in a first aspect the present invention provides a nethod for
producing an inplantable bionaterial conprising: (a) exposing a

bi omaterial to an al cohol- containing solution for at |east 24 hours. 20
[0020] In a second aspect, the present ingention provides a nethod of
treating a coll agen containing bionaterial to produce calcification

resi stant bi o}én(?%{e%lgrlld rgo éj?g% fye(agt g@g%ﬁgur@ i ater iyal1it @ean

al cohol - cont olu ‘ast 0021] In sone
enbodi nent s, ameraemimwdd@ytﬁ@ow rekilbiRr igeddifd apadtal it tI®€ conpri se

the steps: 30.(p),eXposiag sebd B ard@lnd ostend ut cqr crasseddmki ng
agent; and (CZ exposing said material in step (b) to an acidic solution;

wherein step {iye apRir{ed- are sequential to step (a). 35 [0022] Wiile it is
preferreddg hat step (a) is carried out for at |east 24 hours, nore

b of 1 01" 2L L2551 35 i SorAONLE 20, Bk ALERIAILY i L88SIndS hours,
ci rcunst ancesistept{@) pryvhéesas rmechodit fénrprodtmne@ran timel Perd e
biomaterial comprising:
(a) exposing a biomaterial to an alcohol-
10 containing solution;
(b) exposing said material in step (a) to a
cross—-linking agent; and
(c) exposing said material in step (b) to an
acidic solution;
15 wherein step (b) and (c) are sequential to step (a).

[0024] In a fourth aspect, the present invention
provides a method of treating a collagen containing
biomaterial to produce calcification resistant biomaterial
20 comprising:
(a) exposing a biomaterial to an alcohol-
containing solution;
(b) exposing said material in step (a) to a
cross—-1linking agent; and
25 (c) exposing said material in step (b) to an

e~
4 A

acidic solution;

wherein step (b) and (c) are sequential to step (a) .

[0025] In some embodiments, between steps (a) and (b)
30 and/or between steps (b) and (c) of the methods of the
invention the biomaterial or collagen containing material
is rinsed to remove residual alcohol and/or cross-linking
agent. Preferably, the biomaterial or collagen containing
material is further rinsed after step (c) to remove

35 residual acidic solution.

[0026] It will be appreciated by those skilled in the

-
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5 [0023] Accordingly, in a third aspect the present invention provides a
nmet hod for producing an inplantable biomaterial conprising: (a) exposing a
bi omaterial to an al cohol- 10 containing solution; (b) exposing said
material in step (a) to a cross-linking agent; and (c) exposing said
material in step (b) to an acidic solutdi dn- 15 wherein step (b) and (c)
are sequential to step (a). [0024] In a fourth aspect, the present

invention pravtdenaa ﬁﬁbhmdtﬁBdbr@@Ebmgsédcﬁékégﬁnm§9n5é'ﬁé@gulbePater'a'
to produce ca£C|f cation r§5|stﬁ honaterlal 1 n£r|3|n (a) exposing
a bi omateri al EHHQIEBHO 1OW8RELIAng EBPHETBR! y(b‘i %x%b@@%@e§bﬁh
material in stempta$esocallagess | i nki ng agent; and 25 (c) exposing said
material in step (b) to an acidic solution; wherein step (b) and (c) are
sequential to step (a). [0025] In some embodi ments, between steps (a) and
(b) 30 aﬁﬂ/oﬁoﬁégheen snepsmebymanditedtsf the hﬁ®m@uerbélthe anvention

the b'Onater'éﬁl@ur@@l£§§§ﬁecoﬁfﬁtgé@ﬂe§§§eébﬁt i gb€§€g?t8e£foﬁ% ori al

resi dual al cohol and/ Cross nking agent
or col | agen c%ﬁ?é?ﬁlﬁ@tahﬁ?érféPml%nf®$%M@lrr@né%@0®$tétuéﬁépt(%$u¢o r enove

35 residual acédgc SOLULHON. matrix), or the like.

10 [0028] It will also be appreciated that the biomaterial
might comprise synthetic analogs formed from synthetic
polymers, biological polymers, or both, including those

™ generally found in natural tissue matrices. Suitable
synthetic polymers include, for example, polyamides and

15 polysulphones. Biological polymers can be naturally
occurring or produced in vitro by, for example,

fermentation and the like.

[0029] In some embodiments, the biomaterial is

20 naturally occurring and has been isolated from an animal.
The biomaterial can be isolated from any animal, whether
from the same species as a recipient or from an animal of
a different species to the recipient. Preferably, the
animal is from one of the mammalian orders i.e.

25 Artiodactyla, Lagomorpha, Rodentia, Perissodactyla,

L) Carnivora and Marsupialia. More preferably, the animal is

selected from the group consisting of an ovine, a bovine,

a caprine, an equine, a porcine, a marsupial and a human.

30 [0030] The biomaterial may be any type of cellular
tissue. Preferably, the cellular tissue is selected from
the group consisting cardiovascular tissue, heart tissue,
heart valve, aortic roots, aortic wall, aortic leaflets,
pericardial tissue, connective tissue, dura mater, dermal

35 tissue, a vascular tissue, cartilage, pericardium,
ligament, tendon, blood vessels, umbilical tissue, bone

tissue, fasciae, and submucosal tissue and skin.




[0026] It wll be appreciated by those skilled in the 7 art that the

nmet hods di scl osed herein may be useful for treating any biomaterial.
Preferably, the biomaterial conprises collagen. 5 [0027] In sone

enbodi nents, the biomaterial is a cultured tissue, a prosthesis containing
extra-cellular matrix obtained froman-argmal, a reconstituted tissue
(e.g. collagen matrix), or the like. 10 [0028] It wll also be appreciated
that the biomaterial mght conprise synthetic anal ogs formed from

synt hetic polyners bi ol ogi cal polyners, or both, including, those
general |y fourd®0i3a Inat udal somsseabesireass, ShFt AbPeateyhcheiFcapsl 9her s

include, for exampligesPalivamges jard l§099k¥§ubem989§n Bh@h@glﬁﬁbnp@|ynﬁrs
can be naturally™ occurring or produced in vitro by, exanghﬁ
i terial is

fernentation &FFURE LY RECUFEEPY) CO186RB-ERBLA! e Estl?ﬁéeb
20 natural by e@euirkiteg cand akas Iﬁ@@'nblesalsétje(iinf tem asoanitedl statheor

bi omaterial c be i sol ated fron1an mal , whet f he_s speci es
as a recipi ent-S3PFr dMEEN 2N MECIGF %egﬁFFePen?rsﬁgéﬁeégggktEe ?gglplent

Preferably, thetanimal is fromone of the manmalian orders i.e. 25
Artiodactyl a, Lagonorpha, Rodentia, Perissodactyla, Carnivora and
Mar supi alia. Mre referablév_the animal is .selected fromthe group
consi sting of [&938Vi ne, ThebdiionateraadapyseAeinafteguilae, Pasporéi RESNa
mar supi al 1 gnd 3 hymRR1 3@ 12A30): nlkie bi omaterial may be any type of
cellular tissue. Preférably, the cellular tissue is selected from
[0033] The alcohol-containing solution used in step (a)
is preferably a liquid, and is water-based i.e. is an
aqueous solution of greater than about 50% alcohol, and
15 preferably between 60% to 80% alcohol by volume. Either
buffered or non-buffered alcohol-containing solution can
be used; however, it is preferable that a non-buffered
alcohol-containing solution is used as it has been found
that buffered alcohol-containing solutions adversely
20 affect subsequent cross-linking procedures producing a

yellowed biomaterial.

[0034] The methods of the invention can use any alcochol
known in art in the alcohol-containing solution.

25 Preferably, the alcohol is a C;-Cg¢ lower alcohol in a
buffer-free solution. Even more preferably, the alcohol
is selected from the group consisting of methanol,
ethanol, cyclohexanol, isopropanol, propanol, butanol,
pentanol, isobutanol, sec-butanol and t-butanol.

30
[0035] In some embodiments, the alcohol-containing
solution comprises a mixture of two or more alcohols
provided that the combined volume of the alcohol is
greater than 50%. For example, a mixture of about 70%

35 ethanol and about 10% isobutanol is effective.

[0036] The biomaterial in step (a) can be exposed to



the group consisting cardi ovascul ar tissue, heart tissue, heart valve,
aortic roots, aortic wall, aortic leaflets, pericardial tissue, connective
ti ssue, dura mater, dermal 35 tissue, a vascular tissue, cartil age,
pericardium |iganent, tendon, blood vessels, unbilical tissue, bone

ti ssue, fasciae, and subrnucosal tissue an® skin. - 8 [0031] In sone

enbodi nents, the biomaterial is and/or conprises discrete i.e. isolated

col | agen rathehethaaoaolnabutahhyngcganﬁtmgnCQBkagﬁ - ¢@RGahNbRYL thesye. The
state or” fornmed into any

5d t | I

ned:ig[edgvfgg ageﬁ?tﬁﬁléskﬁB&%l%Reb%sth?ngF60§§f RhemBreraterial used in
step (a) has metibeent t6 pnevumusbytDDQSﬁitlﬁkedlfL@QBSbnTherefergbly,

al cohol - cont akl.ng; SQLULLYDI USEAL N SLEDLRL 115, BLET eEaDLY gL gui d, and

i s water-bas gous Sol Ut Fon-of t 50%
al cohol , ahd anbﬁéﬂéﬁgbﬁ9lbéﬁﬂeeﬁ060$@f518®9@altmheltbyenabmﬂethElther

buffered or ngchH&ieﬁgdd§k§9B8|aﬁenbékﬂéﬁ S?ﬁﬁé'gﬂecﬁgomgﬁey§§g @gy@ver

it is preferable_that_a non-buffered al coﬁo | -contal ning solution is usSed
as it has beeRTFbEREPLYhatnBuPferadcaliebnbs - espeardi kg Ebrudienkohdver sel y

20 af f ect subseﬁugmhlﬁgogéihtmKhngoBrQ@eﬂ@éﬁﬁ PLOHYEEBY avedehbpyed
e i nvention can use any al cohol known

bi omateri al . Og % The t?ods oé
inart in thePafch %?TXO%F ARG 381 DPPER. 288 BPRF ePLBFGL2PhE afkohd?Sts a
Cl-C6 | owdr af8ohotirsn a buffer-free solution. Even nore preferably, the
al cohol
‘ [0037] In some embodiments, e.g. those in which the
M biomaterial has been exposed to the alcohol-containing
’ solution for greater than 24 hours, the biomaterial may be
15 used directly in the treatment methods of the invention

disclosed infra.

[0038] In some embodiment, the biomaterial, after
exposure to the alcohol-containing solution, is removed

20 and exposed to one or more cross-linking agents. Any form
of cross-linking agent known in the art or combination
thereof may be used as long as it is capable of cross-
linking collagen. Accordingly, it will be appreciated that
cross—-linking agents, include but are not limited to,

25 divinyl sulfone (DVS), polyethylene glycol divinyl sulfone

. > (VS-PEG-VS), hydroxyethyl methacrylate divinyl sulfone

(HEMA-DIS-HEMA), formaldehyde, glutaraldehyde, aldehydes,
isocyanates, alkyl and aryl halides, imidoesters, N-
substituted maleimides, acylating compounds, carbodiimide,

30 hydroxychloride, N-hydroxysuccinimide, light (e.g., blue
light and UV light), pH, temperature, and combinations
thereof. Preferably, the cross-linking agent is a chemical
cross-linking agent selected from the group consisting of
carbodiimide, polyepoxy ethers, divinyl sulfone (DVS),

35 polyaldehyde and diphenylphosphoryl azide (DPPA).

[0039] In some embodiments, the polyaldehyde is a bi-,




is selected fromthe group consisting of nethanol, ethanol, cycl ohexanol,
i sopropanol , propanol, butanol, pentanol, isobutanol, sec-butanol and
t-butanol. 30 [0035] In sone enbodi ments, the al cohol -containing solution
conprises a mxture of two or nore al cohols provided that the conbi ned

vol une of the alcohol is greater than 50% For exanple, a m xture of about
70% 35 et hanol and about 10% i sobutanol is effective. [0036] The

bi omaterial in step( ok camde £xposaditoad¥nyhie a! eaelsgantai ning,

solution for any |engt long as it is sufficient to render the
bi omaterial rEsifsra®d-to in vivo pathogenlc calcification. Preferably,
the biomaterial remains in contact wwth the al cohol 5 contalning solution

for sufficient t| to enabl e the cohol to diffuse and. perneate into the
bi omat eri al . r6Bpr ef éfami}pe teﬁ@oalﬁ‘r‘?&tém e §r8>§503é&kt15‘gt i egl égh
containingSscﬂuﬁlﬂmlﬂamedatniea&ﬁ>2%:hownsh evewimhoet pmehemamwynahgleast

36 hours and st prefer I 4 ur. 37 I
enbodi nment s, e{g £H6Ee ﬁﬁlwhl lgié%gt§5?§| ﬁagk% en x%gégggto t he

al cohol - contaﬁnun@cxﬁﬂqﬂpamidﬁmﬁ gm@aﬁewathag 2adiegr odiie ibdoirheeri al may
be 15 used dirgctly Jy Ahe rﬂ%efae@ro@%th%h% ta@%n‘tmﬁ%ﬁte‘t(i%s di-sckased

infra. [0038] In sone enboélnent bi omateri;al 7 after exposure to the
al cohol - cont aiifi fdres Sligmader iiad @éﬁ@ve@te@o (Rhd texpeEed et 8 TokE&YF nor e

cross-1inkpng AgaNt$1 A 1AM binding sites. Alternatively, or in
addition to, the acidic solution used in step (c) contains
any acid capable of further cross-linking the activated
carboxyl groups with the activated amine groups on the
collagen to form amide bonds. Preferably, the acid in the

15 acidic solution comprises an aminocarboxylic acid.

Preferably, the aminocarboxylic acid is an aeid having at
least one amino group and at least one carboxylic acid
substituent. More preferably, the aminocarboxylic acid is
selected from the group consisting of L-arginine, L-

20 lysine, L-histidine, L-glutamate or L-aspartate.

[0041] In some embodiments, step (c) of the disclosed
methods is replaced by or supplemented with a method of
inhibiting the formation of metalloproteinase on elastin
25 molecules present in the biomaterial. Specifically, in ~
tissue such as aortic tissue a higher percentage of § 2
elastin is present than in other tissue. These elastin
molecules can provide sites for the formation of
metalloproteinase as such these sites need to be reduced,
30 removed or inactivated. As shown in Example 1 infra, a
buffer-free solution, containing a multi-valent cation
such as magnesium, ferric and aluminium salts can be used

to reduce the formation of metalloproteinase.

35 [0042] The step of rinsing the biomaterial is conducted

using a phosphate-~free solution of 0.9% saline.



of cross-linking agent known in the art or conbination thereof may be used
as long as it is capable of cross- linking collagen. Accordingly, it wll
be appreciated that cross-linking agents, include but are not limted to,
25 divinyl sul fone (DVS), polyethylene glycol divinyl sulfone (VS-PEGVS),
hydr oxyet hyl net hacryl ate divi nyl sul fonell (HEMA-D S-HEMA), fornmal dehyde,

gl ut ar al dehyde, al dehydes, isocyanates, al kyl and aryl hali des,

i m doesters, Noogybsti tmheenaab%mageéd éﬁwbéiméﬂt COHHQUB%maEQEPQP' | m de,
30 hydroxychlorlde N-h %%Inlﬂl de g é ﬂ blue Ilrght and W
light), pH, t@ﬁﬁ@?a?ﬁ?@ Eﬁd Eo Fﬁﬁ??oﬁger% £7e0f . Mpref Brabpyabltie the
cross-|inki ngbageatersad theptealliceassfténkbagngoenhssgl ected fromthe
group consisting of carbodiimde, polyepoxy ethers, divinyl sulfone (DVS),
35 pol yal dehyde and di phenyl phosphoryl azide (DPPA). [0039] In sone

enmbodi nents, {he4pdl yal dehydeitswalbibe apgﬁeciatedo}nydthakdehyﬂmed in

A ut ar al dehydeyLs p I [ 0P j t he
Cross- I|nk|ng€§%e%§? eaLg #gefg%ﬁ%giéggre % %R ég?ﬁ g?bgﬁ %ﬁs OP

i ntervening RB@hP§?§%ntTh@V@@FéP@ ééIG@Féhe@s@@tthsmeb @C}tCQ@ialh% any

acid capabl e pf1ingst hMéékBgo@Hdéﬁét npgéfélwgw heepdi %&qpéflgé@fe upd i xed
cross-1inking ent resent in the biomaterial after step (b t
renove or redﬁ%g ng E%Bf (%gvcW@ﬁ@b?ﬁ8¢ﬁ§a§#ﬁesbeEWﬁ@Pnét@v%m@ 3%

addi tion 1tlo, 4&he mesdi sreobusbon, Usetwésn S$@D Aw) 2zontains  any acid
capabl e of further cross-linking the activated carboxyl groups with the

activated am ne groups on the
[0045] In one embodiment, the alcohol, cross-linking

N agent and acidic solution, rinsing solution and

sterilizing solution are all buffer-free.

15
[0046] It will be appreciated by those skilled in the
art that the methods disclosed herein are capable of
producing a calcification-resistant biomaterial, which
retains less than 50pug of calcium per mg of tissue for

20 greater than 200 days post in vivo implantation. In other
words, the calcification-resistant biomaterial of the
present invention is capable of being implanted for
greater than 200 days without the biomaterial increasing
its calcium content above 50ug/mg of tissue.

25

- [0047] Accordingly, in a fifth aspect the present

invention provides a calcification resistant biomaterial
comprising cross-linked collagen, wherein said biomaterial
has a calcium content of less than about 50ug per mg of

30 biomaterial and wherein said biomaterial is capable of
being implanted for at least 200 days without the
biomaterial increasing its calcium content above 50ug/mg

of biomaterial.

35 [0048] Without wishing to be bound by any theory or
hypothesis it is considered that the calcification

resistant observed is brought about in part by the




collagen to formam de bonds. Preferably, the acid in the 15 acidic

sol ution conprises an am nocarboxylic acid. Preferably, the

am nocar boxylic acid is an acid having at |east one am no group and at

| east one carboxylic acid substituent. Mre preferably, the

am nocar boxylic acid is selected fromthezgroup consisting of L-arginine,
L 20 lysine, L-histidine, L-glutanate or L-aspartate. [0041] In sone

enbodi nent s, ' o] t ho [ e

suppl enment ed %%%%eggﬁe?%oggg?qaﬁgkn%ﬁgpf?ﬁant gef%?%gf?%ﬁ g¥9¥gﬁf about
netalIoproteiﬁaséh§nmékﬁ§ﬁﬁn0f'EFOQSCﬁEBeEg?e§1%$@§%ﬁ%a?nth@lEFﬁﬁ%%%riaI.
Specifically, nehein. tissue such as aortic tissue a higher percentage of...
[ elastin is present than in other tissue. These elastin nolecules can
provide sites for the formati on of netalloproteinase as such these sites
need to besredyoed,) 30 reppbvednetyi,naet kvatedh Aspsboywntha Exasphe 1 infra,
a buffer-free_solution, containing.a lti-val ] ch.as
magnesi um feﬁPﬁgngﬁanaPﬁﬁyﬁﬁﬁﬁl§§|%EPE§HE%8Y%S§35l§§£?§gug§yggg formation
of netal | opr otempaseingsal 0842l fiketdpeprefistastngionetbrombterial is
conduct ed  usi.pg,2:BhaspRatestnes sal Ubiongeh OuRZesahi B8ia- cd11260043] In
one preferred e OélﬂE t, the biomateri al after step (c) is further
sterilised. MSPEBPFiersr 8BLPNIaKy aBiBREterial is sterilised after being
rinsed. 57(0044] Wiile it will be appreciated by those skilled in the art
e R 2 a P b e *2RBod i me e 8R2 QL1 RECREESEN L ONEL O

biomaterial is coated onto a surface of a medical device.
In a further embodiment, the device further comprises at Y

least a second coating.

15
[0051] It will be appreciated by those skilled in the
art, that the at least second coating can comprise agents
such as anti-microbial agent, anti-viral agents, growth
factors, anti-dehydration agents or anti-septic agents.
20

[0052] Preferably, the anti-microbial agent is selected
from the group consisting of isoniazid, ethambutol,
pyrazinamide, streptomycin, clofazimine, rifabutin,
fluoroquinolones, ofloxacin, sparfloxacin, rifampin,

25 azithromycin, clarithromycin, dapsone, tetracycline,
erythromycin, ciprofloxaéin, doxycycline, ampicillin,
amphotericin B, ketoconazole, fluconazole, pyrimethamine,
sulfadiazine, clindamycin, lincomycin, pentamidine,
atovaquone, paromomycin, diclazaril, acyclovir,

30 trifluorouridine, foscarnet, penicillin, gentamicin,
ganciclovir, iatroconazole, miconazole, Zn-pyrithione,
heavy metals including, but not limited to, gold,
platinum, silver, zinc and copper, and their combined
forms including, salts, such as chloride, bromide, iodide

35 and periodate, and complexes with carriers, and other

forms.



wi |l be understood that preferably, the tenperature is between 2C and 40C,
nore preferably, between 4C and 30C 10 and nost preferably, between 5C and
25C. [0045] In one enbodi nent, the alcohol, cross-linking agent and acidic
solution, rinsing solution and sterilizing solution are all buffer-free.
15 [0046] It will be appreciated by thosel3k+lled in the art that the

nmet hods di scl osed herein are capable of producing a

cal cificati on{ oesB§t ant PEb@@Bbsﬂyal th@h!;%wtﬁ%ébf'ér' £§8nthap 909.0{cq
cal ci um per % ssue for %re ater "t han 200 days Eost In Vvivo
|nplantat|on h@rgrRBPdgonF étéachflEé@F%ﬁy?@§Fé antPpsbeat eri al of

the present fmbeoblastlgrc?ﬁabfacebrbebngF;npé?ﬂaﬁé fgbfog%@gie@ré@%mIZOO
days wi t hout al _increasin ts, ca conte above ny
ofytlssue %Fgﬁgg] %gg dlng 95039? %?ﬁt%gpg%ﬁgiheeB? SEREL 9TRAEt i on
provi des é5caf@@t@taﬁE@ﬁ)resnsuamn bibengeoiah fzotprssingndrdssti¢mked
col | agen, V\heéﬁanzéfﬂﬂ b' I gt ef Lal deP%mﬁeﬁ&&&}ﬁ‘%&@g&n&gB&F ess fdan

about 50g per ng, of bi omaterial “and sard QFf Al T éépable
of being |np@%%%%@e$%$l%tf@@5@€ QDBFHay%a$Wm¥QKHemdmtthD@ht@I@%ﬁh
i ncreasing itsagebei umeony e8t - eboyer 5004 nyewés f”@é@&é@' 185) [ 0048]
Wt hout wi shing to_be boun % ng t heory hesis It IS conS|dered
that the caIcY??%%f?EWﬂn?e%¥% Gt %%E%?%éﬂapg ﬁré@@ﬁraaBBQtTﬁﬁ Bhrt by the
12 10 interleukin-8 (IL-8); granulocyte- macrophage colony
stimulating factor (GM-CSF); interleukins, and
interferons.
- [0054] In some embodiments, the device of the present

15 invention further comprises a bioabsorbable material
selected from the group consisting of polylactic acid,
polyglycolic acid, polylactic acid--polyglycolic acid
copolymers, polydioxanone, polycaprolactone, polypeptides,
polycarbonates, polyhydroxybutyrate, poly(alkylene

20 oxalate), copolymers of vinyl acetates with unsaturated
carboxylic acids, water soluble or dispersible cellulose
derivatives, ethylene oxide polymers, polyacrylamide,
collagen, gelatiﬁ, poly(orthoester), polyamides of amino
acids, polyvinyl alcohol, polyvinyl pyrrolidone,

25 polyetheretherketone, tricalcium phosphate, and mixtures
thereof.

N
N

[0055] It will be appreciated that the devices of the
present invention can be any device for which

30 calcification resistance would be desirable. Preferably,
the device is selected from the group consisting of an
artificial heart, an extracardiac compression device, an
intra or extravascular compression device, a heart valve
prosthesis, an annuloplasty ring, a dermal graft, a

35 wvascular graft, a vascular stent, a structural stent, a
vascular shunt, a cardiovascular shunt, a dura mater

graft, a cartilage graft, a cartilage implant, a




presence of secondary am nes in the collagen brought about by the nethods
of producing the biomaterial as disclosed herein. 5 [0049] Accordingly, in
a sixth aspect, the present invention provides an inplantable biol ogical
device conprising a calcification resistant biomaterial conprising
cross-1linked collagen, wherein said col Lagen- conprises secondary am nes.
10 [0050] In sone enbodinents, the calcification resistant bionmaterial is

ted ont I h t, th
coated onto, apaustasa oh 9,980,08 wuhen. plocenburiies embghment; the

appr eci at ed b@rphﬁgéssﬁhlEedrﬂnaﬁﬁeblaﬁﬁertﬁﬁ@sthéshﬁrIéa@ﬂegéééndacoatlng

can conprise %@%ﬂ%% %Uﬁgrﬁén%HEUy”hﬁleabﬁh1ﬁgeﬁérc§6éhthéaHeaQ@QISa
growth factors, anti-déhydration agents or antl-septic a

Preferably, tﬁéréﬁFPlHPéFSBvaP 5@é§ﬂovés§€9@6téaen?roﬁ1Fﬂg goﬁBeEB é?gtlng
of isoniazgd, sethawbut ekihepyi-azivbas gecfsrappyonyRendecliotazsnankeart
rifabutin, flu rqu|noI nes, ofloxacin, sparfloxacin, rifanpin, 25

azi t hronycin, '€ XF|PHPSE§8Fﬁ ‘dapsone, tetracycline, erythromycin,

ci profl oxacin, doxycycline, anpicillin, anphotericin B, ketoconazol e,

fl uconazol e, %r'ggtha"hﬂesoméugR%@aﬁﬁ%g@s Ckth?E¥EEB wh&@C@H%EhBr

pent ami di ne, ‘atovaquoné, parononycin, diclazaril, acyclovir
trlfluorourldﬁ@@Prﬂ§§carﬁéﬁsuﬁeﬁﬁégmppﬁ hgaHeghed from an animal or a

10 synthetic analog of a tissue.

[0057] Preferably, the tissue fragment will include a
plurality of cells, which, upon implantation at a surgical
site, will proliferate and integrate into the surrounding

15 tissue.

[0058] In a seventh aspect, the present invention
provides a biocompatible implant, comprising a
biocompatible scaffold comprising a calcification-

20 resistant biomaterial comprising cross-linked collagen,
wherein said biomaterial has a calcium content of less
than about 50ug per mg of biomaterial and wherein said
biomaterial is capable of being implanted for at least 200
days without the biomaterial increasing its calcium

25 content above 50pg/mg of biomaterial.

-

[0059] In an eighth aspect, the present invention
provides a biocompatible implant, comprising a
biocompatible scaffold comprising a calcification-

30 resistant biomaterial comprising cross-linked collagen,

wherein said collagen comprises secondary amines.

[0060] Preferably, the implants of the present

invention will further comprise a synthetic polymer, a
35 natural polymer, an injectable gel, a ceramic material,

autogeneic tissue, allogeneic tissue, xenogeneic tissue

and combinations thereof.



ganci cl ovir,

i atroconazol e, m conazol e, Zn-pyrithione, heavy netals

including, but not limted to, gold, platinum silver, zinc and copper,

and their

conmbined forns including, salts, such as chloride, bromde,

i odi de 35 and periodate, and conplexes with carriers, and other forns.

13 [0053] Preferably,

consi sting of hydroxyapatite, basic fibroblast gromh factor (bFGF),
acidic fibroblast growh factor (aFGF), nerve growh factor (NG-),

epi der mal
(1G-1 and |

gro

fact EGF), .| lin-1ik wt h fact .1 and 2,
EbU571 " DTaPR) RCoubk Py BRPGFbut HF oBFOF S PORRY SN by

angi ogenesi s pactibde$ TAFkjtvaseukapaentoy hel t bs@s o fur§act Ofip £ VEGR) -

corticotropin rel easing %p
(TGF-a and TGF-(3) 10 i fite

the gromh factor hgent is selected fromthe group

rowh factors a and (3

?T%Lﬁ%%¥giflféﬁggfégég%go%ggeQ%%c?EdW%E% col ony

stinmulati iy feaeterf{GwCIF) reshseaneukimeatentals ntempeionsg ¢0054 In sone
enbodi ments, ibhgrdevise ofctihe,RELSEA 5o 1P wﬁ&%éﬁnc&h&iswgé CoTPnddsy 2
I % i pol ylacti c

bi oabsorbable material selected fromt
pol ygl §BOPEE’ a®d, pol yl actic aci d--pol ygl ycolic acid

acid,

€ group consisting o

pol ydi oxanone, pol ycaprgbact onet rpet Ypept isieSuse POA YLRr DONEES . subiect.
pol yhydr oxybut yrate, poly(al kyl ene 20 oxal ate), copol yners of viny
acetates with unsaturated carboxylic acids, water soluble or dispersible

cel lul 0sé0 def0¥at] ves, Iethyteneh oxssecpol yinerss; e pohty at yé @i se,

gel atin, p0|yﬁf%éiggétgrﬂetﬁgﬁyggi9§gaéQH§”E{¥ﬁng tissue, comprising:

)

15

20

25

30

35

(a) providing a calcification resistant
biomaterial comprising cross-linked collagen, wherein said
collagen comprises secondary amines; and

(b) implanting the biomaterial in or on a

subject in need of treatment.

[0063] The method of treatment may be any treatment,
include prophylactic and therapeutic treatments.
Preferably, the method of treatment is selected from the
group consisting of tissue repair, deep tissue protection,
tissue bulking, cosmetic treatment, therapeutic treatment,

tissue augmentation, and tissue sealing.

[0064] In an eleventh aspect, the present invention
provides a wound dressing comprising a calcification
resistant biomaterial comprising cross-linked collagen,

wherein said collagen comprises secondary amines.

[0065] Preferably, the collagen in the biomaterial is
selected from the group consisting of ovine collagen,
bovine collagen, caprine collagen, equine collagen,

porcine collagen, marsupial collagen and human collagen.

[0066] In some embodiments, the wound dressing further
comprises a sulphated polysaccharide selected from the

group consisting of heparin, chondroitin sulphate, dextran

copol yners,

col | agen,




acids, polyvinyl alcohol, polyvinyl pyrrolidone, 25 polyetheretherketone

trical cium phosphate, and m xtures thereof. [0055] It will be appreciatéd

that the devices of the present invention can be any device for which 30

calcification resistance would be desirable. Preferably, the device is

sel ected fromthe group consisting of amegartificial heart, an extracardiac

Sgreée55|ontﬂeV|ce an intralor extravascul ar conpression device, a heart
prosthesis, an_annu] opl as n t

graft, a vaséH Q?tgteﬂ?rmﬁL grucgﬁ?g ghe _Qggmgggggﬁ%arkﬁr%ﬁﬁﬂascular

car di ovascul aulghtas, haxduoayhahexongam@gl%C%%r%W1%@%€grﬁ??Slgpﬁart|Iage

LFEL?R;SI§ 12e6$§%%?§£%'ugﬁQrQBEroéelbgﬁgﬁﬁlfﬁﬁ@stPﬁ@féxabl?ﬁndmﬂ

rost hesi s | edget, a
per manent |y wnuddedrﬁﬁglpgréufgh@6u§oﬂé€?%%5p%n %?bl%%frgg¥£§ g?nt
cardlovas§ulgh gB@QLVlgagoggggt$tgngraﬂﬂthact@atedncamhet@$hY@©@@l0n
preferably, e device is a ear% val ve prosthesis. [0056] In sone
enbodi ment s, 2gRBtdEVi 8B APFEPEPEREr 29E8hprise a tissue fragnent harvested
froman animal or a 10 synthetic analog of a tissue. [0057] Preferably,

the tissue fr@gggnsurgkgglncl ?g athglHﬁéh%£¥r9£lcébh§r1§@bcgt upest

|nplantat|on erate and integrate into th
surroundi ng 50% tiddugen|0068F bredesabéhi hahspBeet {H& ﬁng@ﬂ?nfnv%%?loﬁ

provides, g b'%&%nB?E%QEgbﬁ§pl%@tieﬁgﬁpQD%'B@l@agen and most

preferably, consists essentially of collagen.

BRIEF DESCRIPTION OF THE FIGURES

15 [0068] Figure 1 shows kangaroo pericardium tissue that
was pre-treated with alcohol then glutaraldehyde fixed
compared to glutaraldehyde fixed tissue i.e. no alcohol

pre-treatment and “fresh” tissue.

20 [0069] Figure 2 shows kangaroo aortic tissue that was
pre-treated with alcohol then glutaraldehyde fixed
compared to glutaraldehyde fixed tissue i.e. no alcohol

pre-treatment and “fresh” tissue.

25 [0070] Figure 3 shows the resistance to enzymatic

degradation of (A) porcine cusp and (B) acrtic wall {J

tissues.

[0071] Figure 4 shows the quantitative calcium levels
30 of (A) explanted porcine valve cusps and (B) porcine

aortic wall tissue after eight weeks in a subcutaneous rat

model.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

35
[0072] Before describing the present invention in

detail, it is to be understood that this invention is not




bi oconpati bl e scaffold conprising a calcification 20 resistant biomateri al
conprising cross-1linked collagen, wherein said biomaterial has a cal ci um
content of less than about 50g per ng of biomaterial and wherein said ,
bi omaterial is capable of being inplanted for at |east 200 days w t hout the
bi omaterial increasing its calcium 25 €ohtent above 50g/ng of biomaterial.
[0059] In an eighth aspect, the present invention provides a bioconpatible
i nplant, conplisitgdatobpeeoipal abl¢ seahbol i SOMELSINY & CatShddcati on 30
resi st ant bioag&eﬁial co risiﬁg cross-llgked col | agen, mheéeln sai
col | agen conpfises Ld¥ondar GO AT Res 2Ty 0060] L Prat ey ab? Yoo t eI hptetft s of
the present fheenthentarhindéloghensednpeisen aisyfvhethe potyses,of 35

nat ural poly i nj e , | er, al aut ogeneic tissue,
a1 ogenel o 11 esver enbothar srPas s SRt T AL 0T B

[0061] |n%a ntREhlaspektinteededesentei hiehtinn wiptdvidesl abkiliiored
repairing a tbssyeny tMEYapSORRE4SENYins (@) a sterile container having one
or nore 5 calcification resistant biomaterials conprising cross- |inked
col | agen, wherein said collagen conprises secondary am nes; and (b)
instructions foo785e onalan @ﬂ&Ui@Qtﬁﬁﬁégcﬁ?teﬁH%;hﬁQ@%%a&Qn@ tenth aspect,
the present invention, provides a nethod of treatin Iving_tissue,

conpri si ng: (%Spp%%%?ﬂ?ﬁ% %?E%ﬁc??f%b?id%h?%gﬁ%tiﬁﬁéétﬁ¥) £¥¢aldonpri si ng
cross-|iAked bot¢hgemcaohereitedaby reference in their entirety.

However, publications mentioned herein are cited for the
purpose of describing and disclosing the protocols and

reagents which are reported in the publications and which

R

might be used in connection with the invention. Nothing
15 herein is to be construed as an admission that the
invention is not entitled to antedate such disclosure by

virtue of prior invention.

[0074] Furthermore, the practice of the present

20 invention employs, unless otherwise indicated,
conventional immunological techniques, chemistry and
pharmacology within the skill of the art. Such techniques
are well known to the skilled worker, and are explained
fully in the literature. See, e.g., Coligan, Dunn, Ploegh,

25 Speicher and Wingfield “Current protocols in Protein

), Science” (1999) Volume I and II (John Wiley & Sons Inc.);

and Bailey, J.E. and Ollis, D.F., Biochemical Engineering
Fundamentals, McGraw-Hill Book Company, NY, 1986;
Immunochemical Methods In Cell And Molecular Biology

30 (Mayer and Walker, eds., Academic Press, London, 1987);
Handbook Of Experimental Immunology, Volumes I-IV (D. M.
Weir and C. C. Blackwell, eds., 1986).

[0075] It must be noted that as used herein and in the
an,” and “the”

A\ [{AEE\Y

35 appended claims, the singular forms “a,

include plural reference unless the context clearly

w

dictates otherwise. Thus, for example, a reference to “a




col l agen conprises secondary am nes; and 15 (b) inplanting the biomateri al
in or on a subject in need of treatnment. [0063] The nethod of treatnent
may be any treatnent, include prophylactic and therapeutic treatnments. 20
Preferably, the nethod of treatnment is selected fromthe group consisting
of tissue repair, deep tissue protection,18t+ssue bul ki ng, cosnetic
treatnent, therapeutic treatnent, tissue augnentation, and tissue sealing.

25 [0064] In %ﬂr%%e%%%&ﬁngse%%ht~tE%c@haéeng F@M%QEE@Q oBr eMkHesganweund
dressing conprising a cal Cification resistant bi omaterial comprisin
cross-1i nked @@@I&géﬁferﬁﬁéﬁeFﬁ SaPd aé6PhagenteofpF PE8ESEEE0Rh Al ait nes.

30 [0065] Pre&%&@bbﬁcohBQSQObhag%@ irprthe buemekerafihed seheewedefrom the

group consi sti | 1 I I

aqui e col | agéty T6PBr e o aRragenenaretnt & "Eol ageReaRa N URLY ELTT agen.
35 [0066] btn same m@b@dmgenbs cbmmowdgndndeessong bur bher ofcomginges a
sul phat ed pol y3366ha( d¢ s¢l %Ck%dgkﬁ %H%s 9 QQHtQBHSbéﬁ?H§e0f heparin,

chondroitin sulphate extr sul ernatan su ar an
sul fate, ker atdhonghf ang, mﬁéﬁ@ﬁ@d?laﬁéx@@éhpﬁégﬁy@éha§uPfa?@ulVﬁg§PFoI

hexasul f at e, %Qﬂt%%%%oa%s@%&%%al%@&%lnP&gBebébhgedtB@ pyauedcdr esstagt
further conprises an anti-m crobial agent, an antl-V|rab ghgromﬂh
“Hogetr

factor, an antined®kgdeati dnVeageRt of §np£ﬁ§?r§%ﬁtmét§§éﬁ
Preferabl yp thednembesialireanpri ses at | east 50% col | agen, nore
preferably, at |east 70% col | agen, even
[0076] In one of the broadest aspects, the present
invention relates to a method for producing an implantable
biomaterial.
15
[0077] As used herein, the term “biomaterial” refers to
any material that potentially has a biological use,
wherein the material comprises some collagen. The collagen
might be any type of collagen from any source and might be
20 present alone or in combination with other materials.
Accordingly, the collagen might represent as little as 1%

w/w of the total weight of the biomaterial or as much as

100%.
25 [0078] The term “collagen” as used herein refers to the R
extracellular family of fibrous proteins that are iuﬁ

characterised by their stiff, triple-stranded helical
structure. Three collagen polypeptide chains
(“a-chains”) are wound around each other to form this

30 helical molecule. The term is also intended to encompass

the various types of collagen.

[0079] The major portion of the helical portion of
collagen varies little between mammalian species. Indeed,

35 a number of collagen types have high degrees of nucleotide
and amino acid sequence homologies. For example, the

nucleotide sequence homology for collagen alpha I type II




10 nore preferably, at |east 90% collagen and nost preferably, consists
essentially of collagen. BRI EF DESCRI PTION OF THE FI GURES 15 [0068] Fi gure
1 shows kangaroo pericardiumtissue that was pre-treated with al cohol then
gl ut ar al dehyde fixed conpared to glutaral dehyde fixed tissue i.e. no

al cohol pre-treatnment and "fresh" tissuel920 [0069] Figure 2 shows
kangaroo aortic tissue that was pre-treated with al cohol then

gl utaral dehydesf bxedleasenpasednta gbwparahgdehydensi xe u§h§§U§na Bur e .

al cohol pre- L gat ment and " ure shoms t he

0
resi stance t o 8nzyimtld eangsaaFFXE gg (§$q53$8?n%é%ﬁ I¥n@t (BYCaortic
wal | tissuesnup003tidei yavels shohe hhesquandi tative kalei 8o%l svghonc80 of

A) expl ant ed va ( i n rtic.wa tlssue after
éléht aeeks |%Bﬂggb§§u a?§§u§H§g§0@gg ?zqggﬁé%Lﬁipﬁgg Cﬁf
PREFERRED ENVBUPHFENTS 888 [6672] NBBT onecdesEei biwgoehe @6ééé&t E@wemixon in

detail, it ISNM039@5un¢ﬁﬁﬁaﬁ dahhafimbBi $esnyeaLson 1s not - 17 limted to
partlcularly exenp ed ods of production, Wwhich may, of course,

vary. It is aPEBPt6/%%Wuﬂa€%sF%6danha?vthe0¥%$ﬁ1hﬁ@%@yoﬁs@@lh@@%@rha%efor
the purpose 0%1mﬁE§ﬁr1@VQgsp@ftaﬁﬂh@ra@ﬂaoﬂbﬁ@nééYOfFéPeekQMﬁﬂé'Oﬁh@n|y, 5
and is not IntenfegtEgebgelﬁg%ééngomoio t imted 1 the
appended cl ai REC q gy petween porcine co agen
10 alpha I type I and ovine collagen alpha I type I is 90%
(see, NCBI accession numbers AF29287 (Ovine) and AF201723

(Porcine) http://www.ncbi.nlm.nih.gov).

[0080] Given the level of common ancestry and biology
15 for many of the above animals, the high degree of amino
acid and nucleotide sequence homology for collagen across
a number of species such as cattle, sheep, mice and pigs,
a person skilled in the art would appreciate that the
methods for producing the biomaterial as disclosed herein
20 are applicable for collagenous material isolated from all

mammalian animals.

[0081] Accordingly, in some embodiments, the
biomaterial is isolated or harvested from an animal of one
25 of the mammalian orders i.e. Artiodactyla, Lagomorpha,

/?) Rodentia, Perissodactyla, Carnivora and Marsupialia. The
animal is preferably an ovine, a bovine, a caprine, an
equine, a porcine, a marsupial or a human. While the
biomaterial is preferably isolated from the same animal

30 species as the recipient, it is envisaged that the
biomaterial might be isolated from a different species to

the recipient.

[0082] Alternatively, in some embodiments, the
35 Dbiomaterial comprises a cultured tissue, a reconstituted

tissue or the like.




[0073] Al publications, patents and patent applications cited herein,

whet her supra or infra, are 10 hereby incorporated by reference in their
entirety. However, publications nentioned herein are cited for the purpose
of describing and disclosing the protocols and reagents which are reported
in the publications and which mght be-uggd-in connection with the

i nvention. Nothing 15 herein is to be construed as an adm ssion that the

invention is gggfgntltl%getglgﬁ%ﬁgggglsmgghgl§glﬁﬁyr@ypg o¥i ELYeufirprior

i nvention. urthernDre resent 20 invention
enpl oys, unle§ssguﬁerﬁp§eexﬂmpéatea e @@h&@h@roﬁaﬁsvﬁnmhﬁhégb@a|

techni ques, CQ%@H%E%XS@G@arpE§%§B€0|QQYVmstRBOEh€1§§hél Réathetagtue Such
techniques are well known to the ski [l ed worker nd are, ex IaiTeﬁ fully
in the |iterat'§PEL BBéVee. §OrtEs| F§aAS- Dﬁﬁﬁtlﬁlﬁébﬂ %r%bglg FLlahdr
Wngfield gcubéQﬂba@HQbQC@hSSUE PeohakntiSei enselic( 1988) m¥okrtreof aoflt| |

John W & S Bai | |
Engi neer i ng  Pandator: A 92 NeCranHiFE=Book Eltbahy: R To8Br o0t -
| munochemi calkiMstikodsiuka @ektkrpndakbiéegkar pBroteggiudo LMageenand Wl ker,

ds., d d
\e/ofuneé\cfl- le\fy %Bﬁagﬁsb&gga %8 %%7) ug@%ﬂ@?%%g@pﬁ%@i&%g%ﬂm[‘?' ﬁﬂﬁ{

be noted that fascised hadesHbaREOPAlt héSS38 appehdedas] almso tEEe§?nguIar
forms "a,{p"aRomp@Adest BBme kBEhHEEnPl Ural reference unless the context

clearly dlctates othermnse Thus, for exanple, a reference to "a
[0084] It will also be appreciated that the biomaterial
might further comprise synthetic analogs formed from
synthetic polymers, purified biological polymers, or both,

15 including those generally found in natural tissue
matrices. Suitable synthetic polymers include, for
example, polyamides and polysulphones. Biological polymers
can be naturally occurring or produced in vitro by, for
example, fermentation and the like.

20
[0085] Purified biological polymers can be
appropriately formed into a substrate by techniques such
as weaving, knitting, casting, moulding, extrusion,
cellular alignment, and magnetic alignment. Suitable

25 biological polymers include, without limitation, collagen,
elastin, silk, keratin, gelatin, polyamino acids,

polysaccharides (e.g. cellulose and starch), and

copolymers of any of these. For example, collagen and
elastin polymers can be formed into a synthetic

30 implantable material by any of a variety of techniques,
such as weaving and moulding. Synthetic tissue analogs
mimic a natural tissue matrix. Alternatively, synthetic
substrates can be used to form a tissue analog, either
alone or together with naturally occurring substrates Non-

35 limiting examples include, polypropylene, polylactic acid,

polyester, nylon, silicone and the like.



18 cross-linking agent” includes a plurality of such agents, and a
reference to "an alcohol" is a reference to one or nore alcohols, and so
forth. Unless defined otherwise, all technical and scientific ternms used
herein have the 5 sane neani ngs as commonly understood by one of ordinary
skill in the art to which this invention belengs. Al though any materials
and nethods sim/lar or equivalent to those described herein can be used to
practice or teshgehhe pE@S@B&l'BéeQ% QQClébédp§§£ﬁ §91Q3£ﬁé'ﬁé§h@@9

met hods 10 are now descri E n one o roadest aspects, the
present inveAtFs O?%gaPﬁge%B QlﬁﬁFh EVFOFO%?OQGE?ﬁE an Pﬁ%Vhﬁ@%bYe

bi omaterial . &50EB0TY7hkéa F%@ﬁﬁhéfeag_t?éeméeTﬁa bﬁ@ﬁﬁ%@ééé' tﬁ@fﬁrfréo I
any materi al th ot.enti s _a biologic erein e materia
conpri ses song g%?@%%eﬁ? $ﬁe¥§8 | 4Ge"Ch? ﬁtfb%k% yit§pe BREEBET agen from
any source antnaight bet@0ipitesent alone or in conbination wth other
materials. Accordingly, the collagen mght represent as little as 1% ww

of the total weight of the biomaterial or as nuch as 100% 25 [0078] The
term "col | ageh®083] usedohesethereierstenizhehaexteanehtgharedanit yiof

fibrous protepnspihay a6f l@§@5§€5€£b§e%@a thah Sirh}f)% Eétﬁér‘? stranded

hel i cal strthure hree coll agen pol ypeptide chains ains") are
wound around e=ER %?E%?l?o f ®Fth T hmgl%@tﬁe?¥%awsﬁ%l%%n¢bn The termis also

i ntended 100 ehcobepessngeably and all refer to the ability of the
biomaterial, devices et cetera of the present invention to
be placed within or onto living tissue of an animal

without leading to rejection, infection or toxic problems.

o
| y
N

It should be understood that the term “implantable” can
15 include a partially of biomaterials or devices and also
includes partially implanted devices et cetera such as

contact lenses and the like.

[0088] In an initial step of the methods of the present
20 invention the biomaterial is exposed to an alcohol-
containing solution. As used herein, the term “exposed,”
or “exposing” refers to the active step of contacting the
biomaterial or a collagen containing material with an
alcohol-containing solution as described here, or as

25 described infra, subsequently containing the biomaterial

o

.
/
S’

with cross-linking agent, acidic solution or other matter
for a sufficient period of time to bring about a desired
outcome. Methods for exposing the biomaterial to, for
example, the alcohol-containing solution are well known in
30 the art. For example, in general, the biomaterial can be
“exposed” to alcohol, by spraying, dipping or immersing

the biomaterial in a solution comprising an alcohol.

[0089] The term “alcohol” as used herein refers to any
35 alcohol known in art which is capable of removing or
reducing the amount of triglycerides and at least

partially esterifying the carboxyl groups found on




the various types of collagen. [0079] The major portion of the helical
portion of collagen varies little between mamuali an species. |Indeed, 35 a
nunber of collagen types have hi gh degrees of nucl eotide and am no acid
sequence honvol ogi es. For exanple, the nucleotide sequence honol ogy for
collagen alpha | type Il - 19 is at |east288% when conparing humans,

equi nes and nurine. Humans and equi nes have 93% sequence honol ogy at the
nucl eotide | eughq4ahl e BRUSE aBE,CAULEC, AR, BO%E SeauEnce shoaml 0gy. The
nucl eoti de sequéenc onol ogy for “Human and 5 nouse Is 88% (see, NCB
accessi on nunBécehpb25¥8reEgurAerabl XMDBRE 581 ¢rliehnd S ah d*NVB31 288 ( nouse)

http:// wwv. nchi BhBLNER. gOKh s rO-hekctyBESuPi 0k 0! | 2g6R Heve psérklablyevel s
of amino acid honologéeﬁFor exanpl e, the nucleotide sequence hopol ogy

bet ween porci hESc8lFy 16 aPpRETPIt Ypem ChRdIBU e Roftagehdalpha | type
| is 90% fsemethNeBblaceesahon, nupbeoreARRO2R71§&Wpropinahd AFROATEB,

(Porcine) http:// . nchi . nlmnih,_gov). 080] .G e vel n
ancestry and EPSFBS ! EgnFSPg%ﬁn§S%gu%ﬁgggbogéc§%¥§% é? ?ég ﬁi%ﬁ{%§§?22 of
am no acid and nucl eoti de sequence honol ogy for coll agen across a nunber

of speci es_sughas)cal tiec,sheeps ofifg AOHBI GSunadpesaposkilbedain the

art woul d appreciate that t met hods for producing the biomaterial as
di scl osed her 6hro2g arehspptheabrether 1eBENagEROGIN FhEeFi BRaFsblated from

al | mampd i an1aBhARlsonkA981hgAce0ndiBEl ¥ssiBLSOMR BHHOEhIBY! Shet he
bi omat eri al I%o&iggg%egrgélgaag i%egngrggg%gb?néggésgagOggdrophobic
sites (see, Karube & Nishida, 1979, Biochim Biophys Acta.,
23;581(1): 106-13). They also consider that the carboxyl i‘}
and amine groups found in collagen are esterified in the }
15 presence of the alcohol-containing solution such that they
become available for cross-linking in later steps. As
such, a preferred alcohol solution is one comprising at
least about 50% v/v, more preferably at least about 70%
v/v and most preferably at least about 80% v/v alcohol to
20 buffer-free aqueous solution. In one embodiment, the
alcohol solution is 70% ethanol v/v in 0.9% saline

{(containing 0.5mM PMSF)

[0091] In one embodiment the method of the present |
25 invention provides a method for producing an implantable -
biomaterial comprising exposing a biomaterial to an {”J

alcohol-containing buffer-free solution comprising less

than 100% alcohol for at least 24 hours.

30 [0092] In some embodiments the alcohol-containing
solution, as well as other solutions and reagents are
“buffer-free” as it is hypothesised that the cross-linking
agents containing aldehyde reacts with the buffer during
fixation causing depolymerization of the aldehyde.

35
[0093] The step of exposing the biomaterial to the

alcohol-containing solution may be carried out for any




25 of the mammalian orders i.e. Artiodactyla, Lagonorpha, Rodenti a,

Peri ssodactyla, Carnivora and Marsupialia. The aninmal is preferably an
ovine, a bovine, a caprine, an equine, a porcine, a marsupial or a human.
VWhile the biomaterial is preferably isolated fromthe sanme aninmal 30
species as the recipient, it is envisaged2ghat the biomaterial mght be
isolated froma different species to the recipient. [0082] Alternatively,

in some enbodiBBgts, thglﬁé 950ﬂehsr5§| EogpréﬁffléiﬁHLtgé8gT£§%§u€he

reconstituted tissue or the like, 7-------"--22°C
bi omat eri al nPgRE2BBTAAY F?EéSBFnEeFPuFérVlVPsE@EhOG@ﬂl@xQﬁbﬁefl@&@&On

cel lular tissuadntght bBRe Raydiovgsqyl ar él§§?’§ p@ﬁéahga{;ép%fttﬁéue heart
tISSUG heart V | ve, aortic.roots aor aortic

peri cardi al £08%YEonRdceyRSt PEQHRS ﬂ%nﬂa%?|§o%¥a%%@tar%r solid organs,
dura materg deshatlfnsdue?rafeasbmyarthélBsumatéhialnaéﬁéln§aiﬁl&@ﬁﬁhct

di I |cal ssue, bone
Prssue,  fasclhel Ehy el baRasoeBhRLatBECRe Dur RS o o aF EERESar "o
conpri ses sonﬁoc@nﬁhé@nth?0@8ﬂ¢h®i Wbl i &feoe bandppe eceatedivbat thde
bi omat eri al mgﬁatéyiwem&p@%kéfe§y§igettﬁe a&f‘éﬂ?gé ;%ﬂeg fé%sedd

b 5 i ng

synthetic polyners urif bi ol ogi ca ners,
t hose general¥9 F%%nﬂl?%h%%fﬁ@%Pa%Fégﬁeso %@%e@orS@tth@@%ts%ﬁtmﬁmi%,

pol yner s lioncl eden hiofte ExarPreplpokyantdes and,petysuhphanses. Bi ol ogi cal

pol ymers preferably, at least 48 hours.

<”> [0094] Once the biomaterial has been exposed to alcohol
it is removed. In some embodiments, the biomaterial is
15 rinsed after the exposure to alcohol in a rinsing solution
comprising a phosphate-free solution of 0.9% saline.
However, any non-buffered physiologically acceptable
solution may be used as a rinsing solution. The purpose of
the rinsing solution is mainly to remove excess alcohol

20 and as such is not critical.

[0095] After the biomaterial or collagen containing
material has been exposed to alcohol for greater than 24
hours, it can be used directly for implantation. While

25 alcohol pre-fixation has been used previously by others it

S has traditionally been used to sterilise tissue rather

than esterification of the carboxyl and amine groups found
in collagen. As such, the time of exposure to alcohol has
been relatively short e.g. less than 24 hours and not

30 sufficient to enable the full penetration of the tissue by
the alcohol. As a result there has been no appreciation,
prior to the present invention, that a calcification-
resistant biomaterial (see definition infra) could be
produced by prolonged i.e. greater than 24 hour, exposure

35 of a biomaterial to an alcohol-containing solution. This
means that the biomaterial, after exposure to the alcohol-

containing solution for greater than 24 hours, could be




can be naturally occurring or produced in vitro by, for exanple,
fermentation and the |ike. 20 [0085] Purified biological polyners can be
appropriately formed into a substrate by techni ques such as weaving,
knitting, casting, noulding, extrusion, cellular alignnment, and nagnetic
alignment. Suitable 25 biological polynerssginclude, wthout |imtation,
col l agen, elastin, silk, keratin, gelatin, polyam no acids,

pol ysacchari des_( C | ¥ of

t hese. For exéﬁﬁﬁgngggl érgn a%d?ag %gggg) 9%@?5 cgﬁg g?%?ﬁgéa?£¥% a
synthetic 30 mepuamaab|élnmaéeraalbyHQW9V@r,alVaWié%yb@faP@éﬁﬁiaﬁ%g bYsuch

as weaving an@h%%%'gkﬁgleéyahh%hbca&kS§H§taQa£9§§rlaknr@rﬁ patural tissue
matrix. Alternatively, synthetic substrates cag be used to fora1a ti ssue
r

anal og, eithecalgiéhcasiopogepheranit RIARELFALFY SeRUPTI REOSHEEE Y es Non

35 liniting exaoplkesinrehydenepplypropylienearperysaspi ¢capci d, pol yester,
nylon, silicone and the like. 21 [0086] It will be appreciated that while
t he nethods disclosed herein mght have sone effect on previously
cross-1linked bb@@ﬁteriahcbbedmaghgdsidisoheseﬂbhéiEEntaref theendedend be

used on uncrosgEbOKed Lue IDALLKETA9r 05 c0alyec, TBERLL 2hs nLORBTL Ouce (he

bi omateri al has een acquirre [antation. The terns
"inplantatlonafteT|ﬁﬁpaﬁuabléO"aéﬁéhbﬂnﬁﬁahbena?épﬁ§@§ hererf ¢p more

i nt er changgeably randrabhafeterskaitgiali bk¥tof the term “bifunctional”
as used herein refers to the two functional aldehyde
groups, present at both ends of the five carbon chain. The

cross-linking can be undertaken by any technique known in

e

the art, with any form of cross-linking agent as long as

15 it is capable of cross-linking collagen. Cross-linking
agents, include but are not limited to, acylating
compounds, adipyl chloride, aldehydes, alkyl and aryl
halides, bisimidates, carbodiimides, divinyl sulfone
(DVS), formaldehyde, glutaraldehyde, glyoxal,

20 hexamethylene diisocyanate, hydroxychloride, hydroxyethyl
methacrylate divinyl sulfone (HEMA-DIS-HEMA), imidoesters,
isocyanates, light (e.g. blue light and UV light), N-
hydroxysuccinimide, N-substituted maleimides, pH,
polyaldehyde, diphenylphosphoryl azide (DPPA), polyepoxy

25 compounds comprising backbone of 17-25 carbons and 4-5

TN
"

epoxy groups, polyepoxy ethers, polyethylene glycol
divinyl sulfone (VS-PEG-VS), polyglycerol polyglycidyl

ether and temperature and combinations thereof.

30 [0097] In some embodiments, the cross-linking agent is
a chemical cross-linking agent such as carbodiimide,
polyepoxy ethers, divinyl sulfone (DVS), genipin,
glutaraldehyde, formaldehyde and diphenylphosphoryl azide
(DPPA) .

35 '

[0098] It has also been demonstrated that polyepoxy

compounds comprising backbone of 17-25 carbons and 4-5



bi omaterial, devices et cetera of the present invention to be placed
within or onto living tissue of an animal wthout |eading to rejection,
infection or toxic problens. It should be understood that the term
"inpl antabl e” can 15 include a partially of biomaterials or devices and
also includes partially inplanted deviees5et cetera such as contact

| enses and the like. [0088] In an initial step of the nethods of the

present 20 iBpeRyi gRoLps Bhewahenigh berexposed %Qraehé'EPBQE %Eﬁﬁiﬁén'“g
solution. As us g hereln the term "exposed,” or exp03|ng ers to the
active step o?og APEet i(fget h Orb?BﬁﬁPé?raPSoFaE cdPPhgen @ntalnlng

material wth2an40abe6R0l {E¢Nt aDyibDg, 80yt i 0n a§sd@§§6|b@6nh§h@wn0fh@@ 25
descri bed i nf . n y c ntai ning the bionate

cross-1inkin E§8e§¥9§§g?§ 5% Boxgrg8 REPIR 12 {OV%¥ ﬁﬁéﬁf??%?e%ﬁ

peri od offilnﬁlubabaldghaﬁeutaaddEBeredtlgenconEy det hodsné ercepposs ng t he

bi omat et [ altonaiot 1 40P €1 she-alicobolscont al alagosol i og pe vel | known

in 30 the art. For example, In genera erral "can "exposed"
to al cohol, byeapkagRnlimei pphngaee @ﬁn@@%¢h§ngt%etb|@ﬁhl@alal in a

sol ution Conppbﬁyp@p@ﬂdélﬁ@b@&u1e£09§8i Jhectermye ﬁ'C@QQu a®@p,used herein
refers to any 35 al coho] fmn in_art which is capabl renDV|ng or

reduci ng t he aRotRtTo aF?V@ ¥c%??@e§l%ﬂﬂm%ft+%%%%typé???a]f?re%¥%ﬁ@#%ﬁ ng
t he carbdXyl Dolbopsefoand, onl222) cokkagen. OE@@&§I6$$V63®h@33}C@@m&t§§ a

wat er - sol ubl e % ohok e preferapl t he, al 29% s a Cl-
al cohol in a baf %r f 1%&§%1ugfgﬁs‘ E%éﬂ%re2%r§¢ r %%& Consequengf§'
polyepoxy compounds as described are one preferred cross-

linking agent.

15 [0099] In some embodiments, the cross-linking agent
comprises about 1% glutaraldehyde and the length of
exposure 1is at least about 24 hours. It will be
appreciated that the time length for exposure of the
biomaterial to the cross-linking agent depends on the

20 agent used, the concentration and the temperature.
Typically, the length of exposure is between 24 hours to
28 days. The determination of the precise amount of
exposure time for the biomaterial to the cross-linking
agent is well within the scope of a person skilled in the

25 art.

[0100] Again, without wishing to be bound by any
particular theory or hypothesis, the inventors consider
that by exposing the biomaterial that has been exposed to
30 alcohol to a cross-linking agent, the esterified carboxyl
groups and amine groups on the collagen present in the

biomaterial are cross-linked.

[0101] While it will be appreciated by those skilled in
35 the art that the temperature at which each of the steps of
the present invention is carried out is not critical, it

will be understood that preferably, the temperature is




t he al cohol i
cycl ohexanol ,

s selected fromthe group consisting of 5 nethanol, ethanol,

i sopropanol , propanol, butanol, pentanol, isobutanol,

sec-butanol and t-butanol. [0090] Wthout wishing to be bound by any
particular theory or hypothesis the inventors consider that the 10

al cohol - contai ning solution assists in Loggening the

and t hereby exposi ng hydrophobic sites (see, Karube & N shida, 1979,
o Ton i B OPTERHARER, 2o 200 % Eler TOBY 2| BO-Sand] Pt Lhat shie

car boxyl and™am ne gfoups

oun I*agen “ar e ésterlfled in

presence of th@damoﬁhopiedﬁﬁabﬁwmgb§@W@Eﬂoﬁ Suetd thaC-t hey becone
avail able for cross-linking in |ater steps. As such, a preferred alcohol
solution is one conpr|5|n at | east about 50% v/v, nore preferabl
| east about 70%0%v an@nREsPILer eP&bRy &P 658BSabolK BEWSGFY  af 8ho| to
20 buffer- $re%l@qlla@@l¢aa§oll@t peBfelraboRe refBedi MBNEtinkhag abtabobnseldhi on

i s 70% et hanol 0. 9% sal | i ni 5mvl PMVBF) [0091] |
enhodi ment -t h@SrPGa UGF ok R BEoSBit 2355 RUHLPORCR o e (&) el REa o

produci ng an
an al cohol -c
al cohol for

ﬁmpMaﬂﬂabbalnbbenap@mbaﬁamedpthstnghexpossmggaSbepnaEeriaI

[ free solution conprising | ess than 100%
?ggg?gzg%houfgehgo [0092] In sone enbodi nents the

to

alcohol-contalnlng solution, as well as other solutions and reagents are

"buffer-f{ge"
cont ai ni ng al

J@§0Bt i's %x@@b@%558%ﬁet@@bsghﬁlﬁkgﬁg Liakingr agentsiised
ehyde reacts with'the buffer during .fixation causing

depolynerlzatﬁéﬁ & NEREJaP#ERy € Le35the093PsThelBKERIoF t8RpOSF ARG t he
biomaterial t@ibth@terial may then exposed to an acidic solution

15

20

25

30

35

containing any acid capable of inactivating and/or
modifying the fixed and/or unfixed cross-linking agent
moieties present in the biomaterial after step (b) to
remove or reduce available calcium binding sites.
Alternatively, or in addition to, the acidic solgtion used
in step (c) contains any acid capable of further cross-
linking the activated carboxyl groups with the activated

amine groups on the collagen to form amide bonds.

[0104] Preferably, the acidic solution comprises at
least one aminocarboxylic acid. The term “aminocarboxylic
acid” as used herein is any acid having at least one amino
group and at least one carboxylic acid substituent. '
Representative examples of aminocarboxylic acids that are
useful in the present invention include, but are not
limited to, L-glutamate, L-aspartate, L-lysine L-arginine,
L-histidine. The purpose of the acidic solution is two-
fold: firstly, the aminocarboxylic acid assists in the
inactivation and/or modification of the fixed and unfixed
cross-linking agent moieties, thereby reducing or
alleviating any adverse biological effects. Secondly, the
aminocarboxylic acid further cross-links the activated
carboxyl groups with the activated amine groups on the

collagen to form amide bonds.

collagen triple helix

i S



al cohol -contai ning solution may be carried out for any 23 length of tine
as long as it is sufficient to render the biomaterial resistant to in vivo
pat hogenic calcification and that the majority (i.e. a high percentage) of
the carboxyl and am ne groups found in collagen are 5 esterified.
Preferably, the biomaterial remains in €atitact wth the al cohol - contai ni ng
solution for sufficient tine to enable the alcohol to diffuse and perneate

into the biomatesial. Thereopeeherablyn bherhi oxmieséMpbsy EXPOSEy to the
al cohol - contalnigg solution for at |east 24, hours, 10 even nore preferably

at |east 36 hBurs andHdstPopreReraprye ?c+%a%§eﬁ8a%%u?%he{0@@@%mQ§Rﬁﬁthe
bi omat eri al hascheas eapeosedats afcohelbivhatsri€£noyesd dmdSeweE 1ike.

mbodi I d aft t h t | cohol i
T insing Sol bt B CEDat i 21 Rl A BROLR Rl B G- ol Uit b br o a1 e, |

However , éhy ﬁ@hdbb®fbl@©abﬁysabl@gub@qu @m@@pthb4e Thenmmstnumpqmﬂxnuwed
as a 1insing gebuttobs dhe RUIRPSCsOfutlin 105G 59 Uﬂr@gg%%%ngﬂ Ny to

renove excess cohol and as suc s not critical er the
bi omat eri al oPSteYIRgén EB%?%%T?\}PM beheerpidf, Haerddere txposer holet adtol

for greater thad mdst hordserabl ¢abe Doy Usieshdigectdy for inplantation. Wile
25 al cohol pre-fixation has been used previously by others it has
traditionally been used to sterilise tissue rather than esterification of

the carbdXyl BOHO&T ne Dt oups émvmdimdnmt CotHagaitdiAs sachsidhe d igmy of
exposure to aéﬁ%%%%aEEg%yllc acid per millilitre of de-ionised water,
which is phosphate-free and about pH4.

[0107] The biomaterial is exposed to the
15 aminocarboxylic acid for at least 6 hours, more preferably
at least 24 hours, even more preferably more than 48
hours. While the incubation temperature is not critical
it is preferably between 5°C and 55°C, more preferably
between 10°C and 45°C, most preferably about 45°C.
20
[0108] In some embodiments, step (c) of the disclosed
methods is replaced by or supplemented with a method of |
inhibiting the formation of metalloproteinase on elastin
molecules present in the biomaterial. Specifically, in
B 25 tissue such as aortic tissue a higher percentage of
{;} elastin is present than in other tissue. These elastin
molecules can provide sites for the formation of
metalloproteinase as such these sites need to be reduced,
removed or inactivated. As shown in Example 1 infra, a
30 buffer-free solution, containing a multi-valent cation
such as magnesium, ferric and aluminium salts can be used

to reduce the formation of metalloproteinase.

_ [0109] The biomaterial, after the step of exposing the
35 biomaterial or collagen containing material to the acidic
solution and/or buffer-free solution containing a multi-

valent cation, is again preferably rinsed in rinsing




been relatively short e.g. less than 24 hours and not 30 sufficient to

enable the full penetration of the tissue by the alcohol. As a result

t here has been no appreciation, prior to the present invention, that a

calcification- resistant biomaterial (see definition infra) could be

produced by prolonged i.e. greater than-2Z8heur, exposure 35 of a

bi omaterial to an al cohol -contai ning solution. This neans that the

bi omateri al , ter .exposyr : - tial o tign reater

than 24 hour < Caaiia et For 5B E fiancen BFeat o Taioesr i bad" | afra) as &

cal cificationstegsiléeafdt bionmaterial. However, it w |l be appreciated by

Lhose skilled in the art that a superior formof calcification-resistant
iomaterial can_be produced by 5 cross-linking the biomterial after ste
(a). [0096] Ad@éﬂ@ﬂngly?h?nSgéﬁeognﬁBafﬁ%ﬁ?éngft?ﬁebb?%%gﬁflaln%%n?Yon tﬁe

bi onat eri a} omngohkaged contakmihgsaateni Rhowaf tertiexpasurotocal taded is
then exposed to _one or npre 10_bifuncti r oss: | hki t The term
EndhgMEEet0aD, | HORLONAL1 67 OfRe | L1 Qgefgng§%§&§§

"bi funct i onal *°"58 lis€d herern°refers e two functional
groups, presesubgecbetihtendssoerihésfingeaganrbonechai nd Thauldr5sri{akt ng

can be undertaken By 8ny-beelNLYUGCKBAMNGL bt otk BEA@hde Vbb el  OF O Of
cross-linking agent as long as 15 it"is Capable of <cross-Iinking collagen.
Cross- | i nki ngstagéntsatingl tdwehaerare- nbt Ut PAPE edl F o7 ratyPaY g
conpounds; o adispy itgBhohkgepealidehydascombkyht aod miyh hbéati dese.
bi si m dates, carbodiim des, dIVIQ¥| sul f one éDy élformaJCdehgdet
gl ut ar al dehyd¥3Tgi)gxapove room mperature, bu ow a temperature
which would cause damage to the biomaterial), as the
sterilant. Alternatively, a suitable sterilant solution
may comprise an osmotically balanced agueous solution
15 alone or in combination with a non-contacting source of
sterilisation (e.g., radiation, electron beam, UV, or
other similar expedient), or include an aqueous solution
of glutaraldehyde in combination with phosphate buffered
saline. In instances where a 0.625% glutaraldehyde
20 solution is used as the sterilant, the sterilisation time
period may be 1-6 days at 37°C or 1-2 days at 50°C). This
terminal sterilisation step may be performed after
packaging of the biomaterial in its final container,
thereby eliminating the need for any subsequent handling

25 of the biomaterial until the time of implantation.

[0111] In one preferred embodiment, the biomaterial is
sterilised by exposing the biomaterial to 0.25%
glutaraldehyde in deionised water containing 9.07 g/1

30 potassium di-hydrogen phosphate buffer.

[0112] The sterilisation step may be carried out for
any length of time and may include storage. The
temperature of sterilisation is preferably carried out

35 Dbetween 40-50°C for more than 60 minutes.

[0113] The biomaterial, after treatment with the

Pa ¥

o




20 hexanet hyl ene dii socyanate, hydroxychloride, hydroxyethyl nethacrylate
di vinyl sul fone (HEMA-DI S-HEMA), im doesters, isocyanates, light (e.g.
blue light and UV light), N hydroxysuccinimde, N substituted mal ei m des,
pH, pol yal dehyde, di phenyl phosphoryl azide (DPPA), polyepoxy 25 conpounds
conpri sing backbone of 17-25 carbons and 285 epoxy groups, polyepoxy
ethers, polyethylene glycol divinyl sulfone (VS-PEGVS), polyglycerol

pol ygl yci dyl metheas aaﬂs&wp@@ah@fsl@ndw@mm@m Oi@véb%ﬁofes@ta[%éqn I'n
sonme enbodi ne cross-1i pki ng, agent em cal cross-linking

ts
agent such asQ ?%%H?Fﬁ?ﬁglon bt?epb&yl%t% %al$ﬂﬁ4?®¢1%ﬁﬂ??ﬁ%§?1ﬁﬁg
geni pi n, gl ubacmhtehyse” . fDmaatdehydeaaﬁﬂfﬂuﬂhanyfpﬁ@swﬁ@dymeﬂihde

(DPPA) . 35 [09§§ir£tt aﬁgg égcaregngegﬁggégég d th %dg gg oxy conpounds

conpri si ng backbone o Bups show a hi gh
ef ficiency foassheigrodswiimki ngdicodhahen mEﬁﬁﬂcédﬂbIQMHWEEialB Pat .

Applic. No. 8&%99@%& éé‘lé\!:é%@ 1844 - fét Ts A0 beeé‘offé’ql%he hzl}g} the

toxicity of polyepoxy tonpounds Is [ower than glutara and

the anti geni c+§Skin nn%%eb¢%s@%@%bou$¥ﬁhkﬂ¢ﬁwﬁhﬁwm|%@@@sthﬁ%¢eases in

proportion tondheri&BactdONbddsRe wl@@ﬁﬁe&ffc;pp&&ir&? Whd 1 ved 4 Cl
pol ypepti de no| ecul es s ch as col |l hbtura shows rel atively

good bi oconpalt b+t Y sRRAY f or Uehk aript &t £ 497 tigHt ecae‘? mesult 1992)  Artif.
Organs, 16: 630r&33t rdlelat st f &énahg , of 1998 addridid . o O g o1 Aes 99 H1.3) .
Cbnsequently,Two (2) types of calcification: intrinsic and extrinsic
are known to occur in fixed collagenous biomaterial,
£ although the exact mechanism(s) by which such
calcification occurs is unknown. Intrinsic calcification
15 is characterised by the precipitation of calcium and
phosphate ions within the fixed bioprosthetic tissue,
including the collagen matrix and remnant cells. Extrinsic
calcification is characterised by the precipitation of
calcium and phosphate ions within adherent thrombus,
20 including adherent cells (e.g., platelets) to the
biomaterial ‘and the development of calcium phosphate-

containing surface plaques on the biomaterial.

[0114] Consequently, the phrase “high level of
25 resistance to calcification” or “calcification-resistant”
PN
L when applied to the biomaterial of the present invention

means that the biomaterial, after in vivo implantation for
at least 200 days, shows less than 50ug, preferably less
than 20pg, and even more preferably less than 10pg of

30 calcium per mg of dried tissue after its removal.

[0115] Preferably, the biomaterial of the present
invention is also resistant to enzymatic degradation. The
term “resistant to enzymatic degradation” as used herein
35 refers to the ability of the biomaterial of the present
invention to withstand enzymatic degradation to a

comparable level with traditional fixed tissue.




pol yepoxy conmpounds as described are one preferred cross- |inking agent. 15
[0099] In sone enbodi nents, the cross-Ilinking agent conprises about 1%

gl ut aral dehyde and the length of exposure is at |east about 24 hours. It
will be appreciated that the tinme length for exposure of the biomaterial
to the cross-1linking agent depends on the3@0-agent used, the concentration
and the tenperature. Typically, the | ength of exposure is between 24 hours
to 28 days. The determ nation of the precise anount of exposure tine for
the biomaterial to the cross-linking agent is well within the scope of a
person skilledOiln6ihe @Bcarforiodo0rhagainplantehbatoibBsatagied 8 bound by

any particul ag1thgeny -8hcBYROhBeRESert BE LAVERLOpSc6ORET d8Tent hoh &in
exposi ng the bionmaterial that has been exposed to 30 al cohol to a

cross- | i nki ngtag§enbe BRedesPeFreRrEdacRIBBRYI OT gF ouPst RS afP A& Fr oups on
the col | agen preseAtrkn the biomaterial are cross-linked. [0101] While it
w |l be appreciated by those skilled in 35 the art that the tenperature at
whi ch each of the steps of the present invention is carried out is not
critical, it [wilil7]be ufGdeestdbdd,t hat peeher dbkgatihne, t eltpeeatueet( sard

bet ween 2C an@F%gg%k ggepﬁgégrﬂFg¥8Eb€ “ﬁ83n4£%9895$$é;aﬁ”9n89§5dua1

preferably, be 1 5C and 2 ' ] ce again, [ t he cross-1inking
step, the 5 bpsmanémpadl tbepretésabbyori Asedsi horPhERrAY 3ofafidAdsuch as

that used; @ftehathecaheghehiexpaguiepsl8Pol8yickioweyeEct. The effect
is especially therapeutic in terms of a partial or
complete cure of a condition and/or disorder. “Treating”
as used herein covers any treatment of a condition and/or
disorder in a vertebrate, a mammal, particularly a human,

15 and includes: (a) inhibiting the condition and/or
disorder, i.e., arresting its development; or (b)
relieving or ameliorating the symptoms of the condition
and/or disorder, i.e., cause regression of the symptoms of
the enzymatic degradation/condition and/or disorder.

20
[0118] The terms “condition” and/or “disorder” are used
herein interchangeably and refers to abnormal conditions
affecting animals, including humans, which can be treated
using the biomaterial of the present invention.

25 Accordingly, the treatment of a wound, a lesion, tissue
degeneration, a microbial infection, a burn, an ulcer, im}
dermal condition is included in the present invention.
Moreover, the replacement of heart valves, aortic roots,
aortic wall, aortic leaflets, pericardial tissue,

30 connective tissue, dura mater, dermal tissue, a vascular
tissue, cartilage, pericardium, ligaments, tendon blood
vessels, umbilical tissue, bone tissue, fasciae, and

submucosal tissue are also encompassed.

35 [0119] The calcification-resistant biomaterial of the
present invention may also be applied to any of a wide

variety of contacting surfaces of medical devices.



it will again be appreciated that the rinsing step is nerely a prefernent.
10 [0103] Following the cross-linking step, or if utilised the rinsing
step after the cross-linking step, the biomaterial nmay then exposed to an
acidic solution containing any acid capable of inactivating and/or

nmodi fying the fixed and/or unfixed cross-3% nki ng agent 15 noieties present
in the biomaterial after step (b) to renobve or reduce avail abl e cal ci um
bi ndlt ng ?l ;esc:ortaesia&emgtsugface@rlhm@@l?; ]Eb@tﬂhé@e e Bilrlhﬂteﬁd sm,utl on used
in step (c) contains aci urt her cross in

bt vated bar BRELRCRT oRSaEVRER ERECHCETVE S Ioh G e S oupsL b The
col l agen to fotheanbdeibpnfsuid0dbitisseterabl yn ammmabjdlmcbmdlngon
conpri ses at n 0X r

acid" as used” %gggkﬁgggl né Rﬁﬁégha%?%ga@%éI%ﬁp{gﬁﬁéi ln no @gﬁkgﬁgmgﬁa at
| east one Tar bogkybi cnare dsgnﬁéces u@f\tmedwal RépY esent Blid v ea ex ahpt erxdast

am nocar boxyl { g aghdsct gt aheoUsgirbri hiLhg Prepentpdavent i @oy4ncd ude, but
are not limted to, L-glutamate, L-aspartate, L-lysine L-arginine,

L- hi sti di ne. Thel pee peReuBY SRheo aéf di eX b tEdh kP%O?%V%@S%% firstly,
t he am nocar bgxyl fccagl dhassts) satpitheial nxaﬁw@; i @At andé D81 neddddeat i on

of the fixed and. unfixed - th b d

ol leviating angChivGHab bROTOGT Aot CELST Sedoriry Doy Bbtibcar boxyli o

acid furtlter oxpgsnatoks, thenachndateddBs5vasebbxy| repbapsnent $), tihene

activated ani pe.grURS;ONpbhe §OLLATEH: AP0 QL ON AL dg-PPRYS cartitage
replacement devices, catheters, contact lenses, contailners

i _ for cell and tissue culture and regeneration, embolization

particles, filtration systems, grafts, guide channels, in-
15 dwelling catheters, laboratory instruments, microbeads,
nerve—-growth guides, ophthalmic implants, orthopedic
implants, pacemaker leads, probes, prosthetics, shunts,
stents, supports for peptides, surgical instruments,
sutures, syringes, urinary tract replacements, wound
20 coverings, wound dressings, wound healing devices and

other medical devices known in the art.

[0120] Other examples of medical devices that would
benefit from the application of the present invention will

25 Dbe readily apparent to those skilled in the art of

\
e’

surgical and medical procedures and are therefore
contemplated by the instant invention. The contacting
surface may include a mesh, coil, wire, inflatable
balloon, or any other structure which is capable of being

30 implanted at a target location, including intravascular
locations, intralumenal locations, locations within solid
tissue, and the like. The implantable device can be
intended for permanent or temporary implantation. Such
devices may be delivered by or incorporated into

35 intravascular and other medical catheters.

[0121] The process of coating the surfaces of such



- 27 [0105] The concentration of the am nocarboxylic [ i

upon the actual acid used and other paraneters sﬁch agc;gtarnLgsgegfn?he
bi omaterial used and the like. 1In addition, a mninumwet weight ratio of
am nocarboxylic 5 acid to biomaterial would be about 1:4. The npst
inportant aspect of the acidic solutionjs the pH The pH nust be bel ow
pH7, preferably bel ow pH6, nore preferably bel ow pH5 and nost preferabl
bel ow about pH4.6. 10 [0106] In one enbodineni e L gl e sObpri S 8y
anlnocarboxyﬁealaestp@rbﬁiPPFfPFW%do?YdEb?o%l%%%Qm%€%$ <5:which i%FbJ "
phpsphate-fr?g and.abputi ph4tnk01ATErTheibhakepetéat 2BP bk pREE t¥0 t he 15
am nocarboxylic acid for at |east 6 hours, nore preferably at |east 24
hours, even W@Pé/ﬁﬁéPérably nore than 48 hours. Wiile the incubation

tenperature is not critical it is preferably between 5C and 55C, nore

preferably t n 10C and 4 p rakkytabone BHEnale f
sone enbd%|n&ﬁﬂgg?stepgbqugfggﬁggg?%gl%@gg ,ne? ads IS I Riaczg@%38%rln
supp|enentedtwetpraseethouvgﬁtlpnhaﬁﬁtPﬁ@dtHérFSFﬂﬁtFSnW8§

nmet al | oprotein : el i I i i
Specificallygr%%%ﬁggf" ast, gxa%gl@gub@sd@eesebbdlBuphe,btbﬁaterlal.

fice . issue such as . aortic tissue_a_hi ;

el astin is p&esgﬁﬁeﬁhéﬁsiﬁa@tﬁérdFP§§u§p%TH§§§ gﬁagtﬁgﬁﬁﬁnﬁgggﬁggég:nOf

provide siteg;for+tiRe formation of netalloproteinase as such these sites

need to be reduced, ~ renoved or inactivated. As shown in Exanple 1 infra, a

30 buffetOfree solution, containing a multi-valent cation ’
[0123] The wound dressings of the present invention are

preferably in the form of a continuous sheet form, similar
to wound dressings known in the art. However the invention
may also take other particular conformations. For example,
15 wound dressings of the present invention may be produced
by cutting a desired design pattern from stock sheets of
biomaterial described above. For example, the sheet may be

die-cut from stock sheets of biomaterial.

20 [0124] In use, the wound dressings of the present
invention are preferably used as the primary dressing
placed in direct contact with the wound bed, or as near as
practical against the wound bed. The dressings may Serve
as a packing material and, if required, may be secured

25 into position with any suitable secondary wound dressing
or device such as a wrap, tape, gauze, pad, suture or
clip. The dressings may be temporary or permanent, and may
be permanently incorporated into the healed tissues. When
necessary, the wound dressings are changed by first

30 removing any over-dressing material and then removing the
dressing, whereby any accumulated necrotic tissue and
exudate is lifted away. The temporary wound dressing of
the present invention may be replaced by a fresh dressing
or other suitable wound covering.

35
[0125] The dressings may be placed in their entirety

into a wound. The dressings of the present invention may



such as magnesium ferric and alum niumsalts can be used to reduce the
formation of netalloproteinase. [0109] The biomaterial, after the step of
exposing the 35 biomaterial or collagen containing material to the acidic
sol ution and/or buffer-free solution containing a multi- valent cation, is
again preferably rinsed in rinsing - 28~ 8dlution. In some enbodiments, the
bi omaterial is also sterilised. [0110] The step of sterilising the

bi omat eri al i ¥ebyub, anpapethaddofnost €t Eli 88t heBoknewatENnbherant £9&s

col l agen con n Lal. For exanple, the biomaterial may be
subj ected to %ﬁgtéggﬂgg%ﬁgoggent (e.g., aliquid sterilant such as
0. 2- 2. 0@6by wei ght gl utaral dehyde solution) for a sterilisation tine

per i od. A 0. 625%gh ut ar al debyder L0, S0LULI on. TBY, e used, Ln coppi nat ion with

heat (i.e._. warm ng above roomtenperature, errpera?ure whi ch
woul d caus® dﬁﬁﬁﬁénFolPﬁénBF@ﬁaﬁérFalFheaéelh%erxt@flthﬁrapﬁwte¢mblyvely, a

suitabl e sterabambeS@béht@nlnHBMdQQQDEhsgnﬁnoPsﬂPé'&9&£¥m@ﬁ%§8§§§ aqueous
solution 15 alon a non-contacting source of

th
sterlllsatlonaﬁ% cat?%ﬂ?ap?%ﬁraE?BE%?é%lbe%ﬁ¥lYR/a%@nt%t%@y sinilar
expedi ent ), oparnmtugetanlaquaﬁdslﬁpkqupnth@fwgmwﬁaﬁ@éﬂ@@%ﬁﬁrb@es% 6250/
conbi nati on S u red _sali nst an ere a 0
glutaraldehy\é\%ﬁgoIR gl ??%ﬁdgsaﬁs% TGEOPhR s?%ﬁn?%htln? T%r???s%ﬁ?on time
period nehy bellthﬂéyEOa@nBﬂff@mgal2a@ay3sataﬁxﬂ3bad%m51aleag@mm&

sterilisationastepyBYy1 bggepﬁl[,éOéﬂgdaﬁéi%arfgfwlggeg’és,t h&r . ofaterial in

its final container,
factors, angiogenic factors, anti-inflammatory agents,

(\> anti-thrombotic agents, anaesthetics, mucopolysaccharides,
metals and other wound healing agents.

15
[0127] Examples of antimicrobial agents that can be
used in the present invention include, but are not limited
to, isoniazid, ethambutol, pyrazinamide, streptomycin,
clofazimine, rifabutin, fluorogquinolones, ofloxacin,

20 sparfloxacin, rifampin, azithromycin, clarithromycin,
dapsone, tetracycline, erythromycin, ciprofloxacin,
doxycycline, ampicillin, amphotericin B, ketoconazole,
fluconazole, pyrimethamine, sulfadiazine, clindamycin,
lincomycin, pentamidine, atovaquone, paromomycin,

25 diclazaril, acyclovir, trifluorouridine, foscarnet,

L penicillin, gentamicin, ganciclovir, iatroconazole,
miconazole, Zn-pyrithione, heavy metals including, but not
limited to, gold, platinum, silver, zinc and copper, and
their combined forms including, salts, such as chloride,

30 bromide, iodide and periodate, and complexes with

carriers, and other forms.

[0128] Growth factor agents that may be incorporated
into the wound dressing devices of the present invention
35 include, but are not limited to, basic fibroblast growth
factor (bFGF), acidic fibroblast growth factor (aFGF),
nerve growth factor (NGF), epidermal growth factor (EGF),




thereby elimnating the need for any subsequent handling 25 of the

bi omaterial until the time of inplantation. [0111] In one preferred

enbodi ment, the biomaterial is sterilised by exposing the biomaterial to
0.25% gl utaral dehyde in deionised water containing 9.07 g/1 30 potassium
di - hydrogen phosphate buffer. [0112] The Bterilisation step may be carried
out for any length of tine and may include storage. The tenperature of

sterilisationjgs ﬁiﬁif{}@@é{r&@ﬁﬁ' £4- 0t s 3p hel vieen( ﬂQESlocérfcorIGmﬂe) than 60
m nut es. [Ollét Yhe biomaterial, after treat the - er{:?ésll%ds

di scl osed her; atehat aehigeo| etRYtihbft ?%J%?lﬁstﬁgé}? afn% ?q on i e.

is a "calcifieatten- (esrp} aphschi anesedodetd 1lémegarcemh "mmmt\é&%r}" as

used herein refers to one o gaq_sosp&j d
with traditi oﬁSFHCﬁJFB%%%dr%}%?@%%?J £ P&t rﬁQ@: ﬁaé c%{ns(r)l%:tl veg5t| ssue ae
proteins (3.efactokkagemdcad (TelFast Any. TGF B\)asl ieodsiny Sheldd$Hown t hat

these materials 8?8 gggﬁgcg% {;éego &lllog\tﬂgllg@i@@t@¢m yen-hesE )t he

body. Such ca? Picatfon can In 0 undesirabl e stiffening or
degradat i on oth@henbe@h@ubina} andwehe 23N E§pERT FS cal cification: intrinsic
and extrinsic are known to occur in fixed collagenous biomaterial,

al t hough the exact mechanj sn('s whi ch suc calcificati on o r
unknown. I ntrilAs?Zel cal c@’Fh%ét?%‘ﬁm{% FEaEH&?%D?%rJr%%%r%?/r?%e pr@gélsjp éatl on
of cal ci um angouphoapbatenyonstwihbi prébent i kedeti opn ostder¢dti ssue,

ncluding the collagen MBLLLX.800;ETRANL,CohLS nEX TIRREL to,
heparin, heparin sulfate, heparinoids, dermatan sulfate,
pentosan polysulfate, cellulose, agarose, chitin, dextran,
carrageenin, linoleic acid, and allantoin.

15
[0130] Examples of anti-inflammatory and anti-
thrombotic agents include endomethycin, heparin,
indomethacin, ibuprofen, aspirin, choline salicylate,
diflunisal, magnesium salicylate, magnesium choline

20 salicylate, salsalate, flurbiprofen, fenoprofen,
ketoprofen, naprosyn, naproxen sodium, oxaprozin,
diclofenac sodium, diclofenac misoprostol, etodolac,
indocid, ketorolac, natumetone, sulindac, tolmetin,
sulfinpyrazone, dipyridamole, ticlopidine, valdecoxib,

25 rofecoxib, piroxicam, meloxicam, meclofenamate sodium,
mefenamic acid, cyclophosphamide, cyclosporine w»
micromulsion, chlorambucil, anagrelide, clopidogrel, and
cilostazol; the anti-thrombic agent may be an anti-
coagulant selected from the group consisting of heparin,

30 ardeparin, and enoxaparin, tinzaparin, danaparoid,

elpiruden and hirudin.
[0131] The therapeutically active agents may be bound,
either physically or chemically, to the biomaterials of

35 the present invention by methods well known in the art.

[0132] By “comprising” is meant including, but not




calcification is characterised by the precipitation of calcium and
phosphate ions w thin adherent thronbus, 20 including adherent cells (e.g.,
platelets) to the biomaterial and the devel opnment of cal ci um phosphat e-
contai ning surface plaques on the biomaterial. [0114] Consequently, the
phrase "high level of 25 resistance to €aBBification" or
"calcification-resistant” when applied to the biomaterial of the present

i nventi on neammltbattbhewhhﬁgﬁb@rﬁahloﬁétEhelQOYHV@om?Phéﬂﬁ tioppfor at

I t 200 da s than 50 refera ess han 2 and even
ngfz preferaﬁﬁ gmépﬁa%efﬁga PmﬁglégpeuuhPEéFaﬁﬁs Ehaki Het?é§9%dafter

its renoval . eﬂeméﬁﬁsPaebemahhyreﬁherbmaﬁﬁhebtgL phitt BRapreseat invention
enzymati ¢ deof adaerSrr L8 ek aonaT AR pdr By o SRR FEE R ot Phe

enzymatic degradation” "as u érefn 3
bi omateri al of CPReipkésenpL”i Avenehdh tochiidhsgandnénzymated degradation to

a conpar abl eyhgyvelew EfBlfLE@g' than hrggéed h§gg€m%t§9~ [PA18] nge

formed, the inplantable |onater|a n containing naterial of the
present invenP Bﬂsﬁanco?ﬁéﬁtbégugé %6d%@@5@5athﬂﬁbbheoll@bﬁdltlﬁmgn@md/or

5 di sorders. bﬁé1Zéqﬁﬁﬂ@ﬁakamahH§t&§§nEaﬂ&r@ﬁétnﬂ®"oﬁﬁé§aéﬂ§ﬂé §qga¥the
Ilke are used, herein tg an affecting an indjvidual ani nal , thei
in

tissue or celP§ PHeoBE ¥ despredty gpﬁ%?ﬁ%%b?%bYc%f ah%/%?a%%y5|olog|cal
effect. THe eifettding especiahbyts het@p@@taf:tdaﬁ teenphodsa, Padtial or

conpl ete Curelﬂ%l@egoeg'5£8Qraggéﬂén9 Q@rdongggatltgrfere with or
contribute to the activity or action specified in the
{7) disclosure for the listed elements. Thus, the phrase
“consisting essentially of” indicates that the listed
15 elements are required or mandatory, but that other
elements are optional and may or may not be present
depending upon whether or not they affect the activity or

action of the listed elements.

20 [0133] The invention will now be further described by
way of reference only to the following non-limiting
examples. It should be understood, however, that the
examples following are illustrative only, and should not
be taken in any way as a restriction on the generality of

25 the invention described above. In particular, while the

invention is described in detail in relation to the

"y

treatment of pericardium, valved aortic roots, wvalve

leaflets and aortic wall tissues from bovine, porcine and

marsupial sources, it will be clearly understood that the
30 findings herein are not limited to these specific tissues

or animal sources.

EXAMPLE 1 BASIC PROCESSING OF BIOMATERIAL

35 [0134] Kangaroo hearts from adult Western grey
kangaroos were harvested by a professional kangaroo

shooter in Western Australia and transported to the




as used herein covers any treatnment of a condition and/or disorder in a
vertebrate, a mammal, particularly a human, 15 and includes: (a) inhibiting
the condition and/or disorder, i.e., arresting its devel opnent; or (b)
relieving or aneliorating the synptons of the condition and/or disorder,
i.e., cause regression of the synptons of3gthe enzymatic

degradati on/condition and/or disorder. 20 [0118] The terns "condition"

and/ or "di sor " S hereLn,Ln ngeabkynahds r 9. abnor mal
condi tions a?%%gfségrgn?ﬁa g% ?%grﬁd%%%ﬁgﬁngns bm%?%gscﬁﬁéﬁia%reated
usi ng the bi oheeetpakeot Wﬁéhﬁde§§hﬁeihvehF?OﬁQiQSOA%Eo?ﬁ%h@?y?o}?ﬁﬁon'

treatment of anpwouRd;ca8rkeshONast LeERYPeddeHENEE BLEQDLY Ac IR ENODI Atom
infection, a burn, an ulcer, dermal conditijon ig.includef¥in th@.gresent

i nventi on. MoPEBeERNtt hetr epfalereft COP REAFY S VAl ¥RES aor#FcF00tS, aortic
wal |, aortic keatketysrhpehicabdiak thisde, wdbecannsettee fresuehedura

mat er, dermal _tissue vascul.ar_ tissue, .cartkl . perl j

|i gaments, teR8h 8I88§ p€8§§8|§? ﬁﬁ%ff?%%lsf%§s%§?l%§n%b§?ég%g$&f%é%wge,
and submucos&hetiyismetayé-ahdfoentompasséde 3BMPP119Fhgheericardium
calc!flcatlonwggs%§ggg§ Qb@gﬁﬁghka5F°5°ér¥h Presenty i ventd on @y al so be
applied to any of 'a wde wvariéty of contacting surfaces of nedic

devi ces. - 31comstaiasnung-SuM RMEE PRE| hAe, VBAYedr 8°RbLCI FAPEadWegned

surfaces {hat rarespniendedst ancentaot obl eadi neekbsudionotbrtabathgy fl uids
or tissues of an_animal, including specifically a human. Suitable
contacting sufFt&€es include 5 one or nore surfaces of nedical devices that
are intended

[0135] A water-soluble alcohol-containing solution of
60-80% v/v by volume alcohol ethanol was prepared. The
15 pericardium was immersed into the alcohol solution after
| overnight storage at 4°C. The valved aortic roots were
immersed in the same alcohol solution immediately after
the final wash in ice-cold 0.9% saline (containing 0.5mM
PMSF). The pericardium and the valved aortic roots were
20 kept in the alcohol solution at about 5°C for a minimum of

24 hours.

[0136] The pericardium and the valved aortic roots were
removed from the alcohol solution and rinsed for about 10
25 minutes with 0.9% saline. During the rinsing period, the

temperature of the rinsing solution was maintained at

e
!

approximately 10°C.

[0137] The pericardium and the valved aortic roots were
30 immersed in a 0.625% solution of glutaraldehyde containing
9.07g/1 potassium di-hydrogen phosphate buffer in sterile,
deionised water. The pH of the glutaraldehyde solution was
adjusted to 7.4 with sodium hydroxide. The pericardium and
the valved aortic roots were fixed in the glutaraldehyde

35 solution at 1-5°C for a minimum period of 24 hours to

crosslink proteins present in the collagen of the tissues.

.




to contact blood or other tissues. The nedical devices include aneurysm
coils, artificial blood vessels, artificial hearts, artificial valves,
artificial kidneys, artificial tendons and |iganents, blood bags, blood 10
oxygenat ors, bone and cardi ovascul ar repl acenents, bone prostheses, bone
waxes, cardiovascular grafts, cartilage- 3éptacenent devices, catheters,
contact |enses, containers for cell and tissue culture and regeneration,

embol i zation [paBsicl esThii beratheniEYSLRABLhEr akl Seq08bHe: EhAHHES Syeid 15
crobeads, _nerve-growh

Ui des. Jopht haFAr SeF o it SheoPtHopEar Go 1 ipl 3t S0 pAcEHAKEr M €S Pr obes.
prosthetics, shenide OsPéntsdisuppbitsifier fpepabdes, 15ungheds i NSEFLmgnt s,
i essi ngs. woind FoarThg et de S8 COTHErs heHf car Eavi CobsKhban in the
art. [01261 Cepértéganphesmainhednedl atespprsxihatewpul @°C benefit fromthe
application of the present invention will 25 be readily apparent to those
skilled in the ?rt of surgical and nedical procedures and are therefore
contenpl ated bYERE i nstARtPEAVEATIoWT Jne Eontvelved acuiiaceosy Wews ude
a nesh, coil ,tM\éﬂiEtréﬂf]é@tB?:j@wobéljc@@ﬂatpdl}e a@yg@édilﬁfe§itr%&§t@ﬁ@ fg!mé?@ isl
capable of being 30 inplanted at a target | ocation, including intravascular
| ocati ons, in??gf%%%ﬁ%{ ?B%a??ﬁhg?r%b%gt?%$stgﬁt%?%v%%l?ﬂrt%?sgﬂ§§sand t he
l'ike. Thé$ﬁanan@abmmedgedcéncanbbﬁfeiﬁfﬁﬁdeﬂoimti@@r@@meﬁinﬂm%t@ﬁporagy
| plant ati on. g fehyo 001 oS IBYL D ARl YOI £, PYe 8" WA LEPT PO ST 1Y G
i ntravascul ar and ot her nedical” catheters.

of the solution was adjusted to a pH of 4.5 with a volume

of diluted hydrochloric acid. The pericardium and the

/\
N

valved aortic roots were immersed in the solution at a

15 temperature of about 45°C for about 48 hours.

[0140] In the second procedure the pericardium and the
valved aortic roots were immersed in a buffer-free
solution, containing a multi-valent cation such as

20 magnesium, ferric and aluminium salts, dissolved in de-

ionised water, at a pH 3.5 for about 60 minutes.

[0141] The biomaterial was then sterilized either by
immersing the tissue in a 0.25% solution of glutaraldehyde
25 containing 9.07g/l potassium di-hydrogen phosphate buffer
é;} in sterile, deionised water. The pH of the aldehyde
solution was adjusted to 7.4 with sodium hydroxide. The
process of sterilization was carried out at a temperature
about 45°C for about 120 minutes.
30
[0142] Alternatively, the biomaterial was sterilized in
an aqueous solution comprising 2% Epoxypropane combined
with 20% ethyl alcohol by weight at 37°C for about 24
hours. The sterilised tissue was then stored in 0.2%

35 buffered glutaraldehyde plus 15% isopropanol.




[0121] The process of coating the surfaces of such - 32 devices can be
performed by the plasma coating technique, as described in the _
I nternational patent application No. W96/24392. 5 [0122] In one preferred
enbodi ment, the biomaterials of the present invention are used directly as
wound dressings. For exanple, as descrd lssd supra, the biomaterials can be
dried and used as a wound dressing directly. 10 [0123] The wound dressings
of the present jnvention aregppfef §RbiphprRANRE GNN0fE 8 EMTERIGS sheet
form simlar—t6—wotnhd dresstTngs knowm T the art. HOowever the invention
may al so take other particular conformations. For exanple, 15 wound
dressings of thesPresenpehVenst Don Mesmher prociicied arbyinquittiany anegesineed

design pattern from stock sheets of. ., biomaterial descr] e. For
exanpl e, the 2he®rOfRyl bRK1HY St 11 om %t GQZSWﬁé;%é%- %%ﬁﬁﬁgg%gﬂ al. 20

[0124] In gusestidegw@undutiiessi ngsamd trheeqrigsent invention are preferably
used as the primary dressing placed in direct contact with the wound bed,
or as near as practical against the wound bed. The dressings may serve as
a packing nat €0id] and, Bo¥ineqnérbdardeyn er s ek ed F5® Ho<i%3on with

any suitable sgcopdary; woynd: dr €S&hHir-a 0f a dGYd Cer SuEo Bed@ W8 aihe t ape,
gauze, pad, suture or clip. The dressings nay be teqforar or pernmanent,

and may be pbahenehery PRcbEPor HRedPht P TREIRSF 2L TEEHRSS Wien
necessary,q t hgc Woung-dr esskrgspasel changed by first

[0145] The degree of cross-linking of bovine
pericardium as prepared according to the methods described I
in Example 1, was compared with bovine pericardium fixed

15 in 0.625% buffered glutaraldehyde (Control Pericardium).

[0146] Representative pericardial sample strips (5 x 10
mm) in each group were attached to an isometric force
transducer (MLT0500, AD Instruments, Australia),

20 interfaced with a PowerLab data acgquisition system and a
desktop personal computer. Samples were kept in constant
extension with a load of 90 + 5g and immersed in an open,
temperature controlled water bath filled with 0.9% saline.

The temperature of the water bath was gradually increased

25 at approximately 1.5°C/min from 25°C to 95°C. Shrinkage N
temperature was indicated at a sharp deflection point from {;ﬁ
constant extension when the collagenous material was
denatured. Results (shrinkage temperature expressed as
degrees Celsius) are summarised in Table I.

30




30 renoving any over-dressing material and then renoving the dressing,
wher eby any accunul ated necrotic tissue and exudate is lifted away. The
tenporary wound dressing of the present invention may be replaced by a
fresh dressing or other suitable wound covering. 35 [0125] The dressings
may be placed in their entirety into a-wd8ind. The dressings of the present
invention may - 33 be cut, shaped and nodified to acconmpdat e nunerous
uses and applications. [0126] A furtherapse for the biomaterials of the 5
present invention is in the delivery of fﬁerapeutlcally active agents

i ncludi ng i n"any of the aforementionmed—apptications—Therapeuticatty
active agent sTyay Opatussupate i n, ahdubewprove, Bh31m@u@d hemﬁeﬂ@t@f@cess
and may i ncl gde—antinrcrobtrat—agents;—netuti-rg—but—ret—30—++m-ted—to

anti-fungal agents, anti-bacterial agents, anti-viral agents and
anti-parasiti O%@éﬁisPeQ#@ﬁEﬁlumactorleanglogenlc faBéor8, = 0.17
anti-inflammateeyrageptsicadllimt hronbogi c agents, anggsg@e1|§515
nmucopol ysaccharides,” netars and ot her woumnd fieat T g agents. 1o L012 1
Exanpl es of antim crobial agents that can be used in the present invention
i nclude, but are not limted to, isoniazid, ethanbutol, pyrazinam de,
streptonycin, clofazimne, rifabutin, fluoroquinolones, ofloxacin, 20
sparfloxacin, rifanpin, azithromycin, clarithronycin, dapsone,
tetracycline, erythronycin, ciprofloxacin,

)




doxycycline, anpicillin, anphotericin B, ketoconazole, fluconazole,

pyri nmet ham ne, sul fadiazine, clindanycin, |incomycin, pentam dine,

at ovaquone, parononycin, 25 diclazaril, acyclovir, trifluorouridine,
foscarnet, ~J penicillin, gentam cin, ganciclovir, iatroconazole,

m conazol e, Zn-pyrithione, heavy netal s-ia¢luding, but not limted to,

gold, platinum silver, zinc and copper, and their conbined forns

| ncl udi ng, Salkkaypsich as chighligy180pbERAbASs okodidsrendrpatidat e, and
conpl exes wt s, andother—forms. {0128 Gowih factor agents that
may be incorporated into the wound dressing devices of the present
}nventi?g 3? anhg fb%b %F@emobf|kgﬁﬁfdah@e baséﬁzpmbtoblasgrgd@mm?n

act or FG- I,C T1Dbraobl ast ow actor (aF n act or
(NGF), epi der Rl @W&%thﬁé&FéFd&E%r)Pr§HarFﬂsaF§ﬁrgFﬁ% 6?0&%% gé@ﬁ%gs 1 and
2, (1GF-1 anddb@E{std phatekebldeii (edegtout hetachodiRDGFyast gappared
angi ogenesi s AF heli gl 9 r (VEGF),
corticotropin re ea5|v§1L-lr_1 ger{%a%éﬁg& %Eggﬁs %rﬁlﬁgggr%gfﬁégégactors a and
(3 (TGF-a andgT@ﬁaRﬁld@b@dﬁeuwpﬁtSO@lEegycardgﬂﬁhulocyte macr ophage col ony
stinulating factor (GWCSF); the interleukins, and the interferons. [0129]
O her agents that may be incorporated into the 10 wound dressings of the
present invent[i08A8are a@t@roﬁﬁéépép}géééﬁaWPaeErFﬁéFEGlHé Bﬁ?oﬂgfnginited

to, hepaggn, 1b@ﬁ@rp&o&ub%at@¢r@pm@my@@bd§rleeugataﬁdsmbﬁagecamemnmsan
polysulfate, colldlose. ;3030086 GMiEbls B8¥ELEN016RIERITEND MY, | T N0l el C

acid, and all
pH7.4), containing 0.1M glycine. Fixed tissue samples

were rinsed in deionised water for 3 minutes, blotted,
dried overnight at 70°C and weighed. These samples were

15 incubated in the pronase solution at 50°C for 24 hours.

Remaining tissue samples were rinsed in deionized water
dried overnight at 70°C and weighed. Resistance to pronase
digestion was determined by the mass of remaining tissue,
expressed as a percentage of pre-digested tissue mass.

20 Results are summarised in Table IT.




15 [0130] Exanples of anti-inflamuatory and anti- thronbotic agents include
endonet hyci n, heparin, indonethacin, ibuprofen, aspirin, choline
salicylate, diflunisal, nagnesium salicylate, nagnesium choline 20
salicylate, salsalate, flurbiprofen, fenoprofen, ketoprofen, naprosyn,
naproxen sodi um oxaprozin, diclofenac-sbdium diclofenac m soprostol,
etodol ac, indocid, ketorolac, natunetone, sulindac, tolnetin,

sul fi npyrazone, dipyridanole, ticlopidimarrvalidecoxib, 25 rofecoxib,

pi roxi cam nel oxi cam necl of enamate sodium 1I4~1 nefenam c acid,

cycl ophosphamide, cyclosporine mcromil sion, chloranbucil, anagrelide,

cl opi dogrel, @pnde cfl bstarel ; tNenzart icf hraondlies agénRemay nhegahi enid -
coagul ant selected fromthe group consisting of heparin, 30 ardeparin, and
enoxaparin, tinzaparin, danaparoid, elpiruden and hirudin. [0131] The

t her apeut i<al F9naeet vBeageardivay be bbdnd, either physPeat|y. bt
chem cal |y, toréhecdi papiesiaisnmof 35 ¢he present inygnitop bysqgret hods
well known in the art. [0132] By "conprising” is nmeant 1 ncluding, but not
35 limted to, whatever TolTows the word conprising . Thus, USe of the
term"conprising” indicates that the listed elenents are required or
mandat ory, but that other elenents are optional and may or nay not be
present. By 5 "consisting of" is nmeant including, and limted to, whatever
foll ows the phrase "consisting of". Thus, the

AN
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phrase "consisting of" indicates that the listed elements are required or
mandat ory, and that no other elenents may be present. By "consisting
essentially of" is neant 10 including any elenents |listed after the phrase,
and limted to other elenents that do not interfere with or contribute to
the activity or action specified in the 4di sclosure for the listed

el ements. Thus, the phrase "consisting essentially of" indicates that the
listed 15 el epenfsi@re requifmes oip nndatiery oPWIdmeteraaier el enents are
optional and Tay—or mmy not e present dependi ng upon whet her or not they
affect the activity or action of the listed elenents. 20 [0133] The

i nvention wiloney be frshhere descsidiad by amaynofrireefememeimnlof to the
following non-limting exanples. .lLt should [ o newver, at

t he exanplesm?%§¥b%£n@t5?%9 II?@Qr%ﬁéﬁﬁf(ﬁﬂ%%%%gﬁ‘%gﬁégﬂg(%ot bggfgf%ﬂ in
any way as a tesgué<tion on the generality of 25 the invention described
above. In particular, while the invention is described in detail in
relation to the treatnent of pericardium valved aortic roots, valve

|l eafl ets and &0t30L wal Thei senesle rom At gotite %ﬁﬂw%f]s%‘bi al
sources, it wWll,be.glgarbyqungderstond ddatodhedSdfimeli ngs Memmeplre dre not
limted to these specific tissues or aninmal_ so rcg:.k§§é¥$LE 1 BASIC
PROCESSI NG OF (Br eAVBIERPAF 1 3BT Fo4B4] WSH a8 Heartstt r'om adul t Western grey
kangar oos  over gehacyested byxad ptof @sét habukéeugat opl utshootdehyade West er n

Australia and 1 ansporied; Lo, bhg, 3o

[0151] Tensile strength of representative pericardial
strips (8 x 80 mm) of both groups of tissue were measured
15 with a hydraulic Zwick/Roell (Model 2010) tensile testing
machine, fitted with a 10 kNewton load-cell at a constant
extension rate of 50mm/min. Tensile strength and
elongation at break were evaluated from the recorded

load/elongation curves. Results are summarized in Table

20 IIT.




| aboratory on ice packs within 4 - 6 hours of death. The hearts were
washed twice in ice-cold 0.9% saline solution. The pericardiumwas renoved
and carefully cleaned from adherent fat and | oose connective tissue. The
aortic 5 roots with the aortic valves were dissected fromthe hearts and
placed in ice-cold 0.9% saline containifag4®.5mV

Phenyl - met hyl - sul fonyl -fl uori de (PMSF). The pericardium was stored
overnight at 4Cin ice-cold 0.9% salineapgpntaini ng 0. 5nM PMSF and t he

val ved aortic roots washed 10 for 20 ninutes in the 0.9% saline solution
containing PMSF. [0135] A water-soluble al cohol-containing solution of
60-80% v/ v by vol une al cohol ethanol was prepared The 15 pericardiunlwas
i mersed intog con0| i aft UVElnlgnL bLUI € The

val ved aortic %gg Bk N?ﬁ%%#sgg |ntﬁ%e same al cohol § 68“ ﬁﬁ%dlately
after the fuhaﬁswash |n semptesd 0. 9%tmairigid (Qbfmnaini ng 0. 5mv| PVBF) . The
pericardium and-the valved aortic roots were 20 kept in the al cohol
solution at about 5C for a mininmmof 24 hours. 0136] The peri cardi um and
the val ved aoFPPErPbots werelOrenoved $PoRPthel abéohol  sbfut®oh bkl rinsed
for about 10 p@biphpyies with 0.9% saline. During the rinsing period, the
tenperature of the rinsing solution was nmaintained at approxinmately 10C
[0137] The pericardiumand the valved aortic roots were 30 imersed in a
0. 625% sdllut i Breatedl ut ar al dehyde containghgt 9. 939/ 1 potassd um@ishydr ogen
phosphat e bufﬁg{l&gr§£gﬁlle dei oni sed water. The pH of the gl utaral dehyde
sol ution was




adjusted to 7.4 with sodi um hydroxi de. The pericardiumand the valved
aortic roots were fixed in the glutaral dehyde 35 solution at 1-5C for a

m ni mum period of 24 hours to crosslink proteins present in the collagen
of the tissues. - 37 [0138] The pericardiumand the val ved aortic roots
were renoved fromthe glutaral dehyde selagion and rinsed in a sterile

0. 9% sodi um chl oride for about 15 mnutes. During the rinsing period, the
tenperature ofybhiy@rki BSi Ng 5csekupieATYAR PROPEAENEE BtospprRxAnmtely 10C.
[0139] The peggﬁarégun1 nd the vatvedaortic roots were then treated by
two alternative procedures. In the first procedure, the pericardi umand
the val ved aorbhgzqootSE&Eewam@nEaueesadlbs anbphhel - bndelsobat apimal
containing 8 di.car boxylic acid per de- ionis The pH
of the soluti EG™; &L TRETGH aﬁf?ﬁsa Slu%%ec¥?bgﬂgs Q?
hydrochl orc a@edathe ﬂesn&ab@dupmandsshenvaVégaa@nglcaﬂgafscaélén Of
imrersed in the soluti ajt gut 45C for about 48
hour s. [0140]tF 3 é sggéﬁée%rgégééﬁggﬁﬁebgéﬁﬁgéfg?un1and the valved
aortic roots were imersed in a buffer-free solution, containing a

mul ti -val ent g@ﬁ%@@ SUCEna%h%OfE%%@eﬁhgﬂhlf@Eﬁa9,aﬂan§bﬂabHV§MVéalts
di ssolved in i oni sed water, at a pH. 3.5 for about 60 m nute 0141]

The b|onaterléﬁaﬁé§t§héﬁds$éP9@F?8da@FFﬁérWB}l FﬁﬁﬁP??ngpFﬁBafﬁésB ina
0. 259680|y©lOgtghdg&@t@&&b@qudan aﬁlgootazapnqufazgalgmotasandahyde

di - hyd hat ff : _ Hof th
o dohyde ol ian e e R aoeut ro PR GPIRSLGH: ek, SrBSTEe FRLoer Of the

leaflets and kangaroo aortic wall tlssues treated

according to the methods described in Example 1 (treated

tissue).

15
[0154] Bortic wall tissue samples (10 x 5S5mm size) and
aortic valve leaflets of both groups were rinsed in 0.9%
saline for 5 minutes. The rinsed tissues were surgically
implanted in subcutaneous pockets (one sample of each

20 group per rat), created in the central dorsal wall area of
growing (6 weeks old) male Wistar rats. After 60 days, the
explanted tissues were dissected out of surrounding host
tissue and dried in a Biotherm incubator (Selby
Scientific, Perth, WA) at 90°C for 48 h. The dried samples

25 were weighed, and the calcium content extracted in 5.0ml 6 )
N ultrapure hydrochloric acid (Merck, Perth, WA) at 75°C %g}
for 24 h. The extractable calcium content was then
measured using an atomic absorption spectrophotometer
(Varian RAA1275) and expressed as ug calcium per mg tissue

30 (dry weight). These data are summarised in Table IV.




process of sterilization was carried out at a tenperature about 45C for
about 120 mnutes. 30 [0142] Alternatively, the biomaterial was sterilized
in an aqueous solution conprising 2% Epoxypropane conbi ned wth 20% et hyl
al cohol by weight at 37C for about 24 hours. The sterilised tissue was
then stored in 0.2% 35 buffered gl utaratdéhyde plus 15% i sopropanol. - 38
EXAMPLE 2 EFFECT OF TEMPERATURE ON THE BI OVATERI AL [ 0143] Denaturation
tenperature is an inportant neasure ofpagyresssiinking stability and it
reflects material 5 strength, durability and integrity. [0144] Bovi ne

peri car di um was obtarnmed—froma tocat—abat torr—nWestern—Aust+at-a—and
transported tBypheofl abor at oNymbari ce. The petiecatdiium wasTetgased as 10
described in Exapple 1. [0145] The degree oﬁggggs-l i nki ngTof bovi ne

peri car di um as—prepared—accordingto the methods described PR Exanple 1,
was conpared w th bovine pericardiumfixed 15 in 0.625% buffer ed

gl utaral dehyde,{Genti g9k Pericafgdium . [0146f ngEeﬁga@gat i yesperpcafdial
sanple strips (5 x 10 _.nm in each group were attached to an isonetric
force transdﬁ%ﬂ%l\h’aﬁ}.ﬂﬂ, AD Pnstrunments 28ne¥ril7a$2 20l dter@aked with
a PowerLab data acquisition systemand a desktop personal conputer.

Sanpl es were kept in constant extension with a load of 90 5g and i mrersed
in an open, tenperature controlled water bath filled with 0.9% sali ne.

The tenperature of the water bath was gradually increased




25 at approximately 1.5C/ mn from 25C to 95C. Shrinkage tenperature was
indicated at a sharp deflection point from constant extension when the
col | agenous nmaterial was denatured. Results (shrinkage tenperature
expressed as degrees Celsius) are summarised in Table |I. 30 39 - TABLE |
Type of tissue: Nunmber Shrinkage Tenperatage- 5 Control Pericardium 10
84.10 0.17 Treated Pericardium 10 85.54 0.15 40 EXAMPLE 3 ENZYMATI C

gESF:E?{:Sﬁ CFP§E§??IER&§%|%g%%ZLlJQﬁeggvgk 9ﬁer§§W5ﬁ§8@§s£01@nZynBt|C

lum prepared according to the nﬁi
described in Exﬁﬁﬁﬁélmg(?ﬁéﬁﬂéécﬁéﬁPEaialHﬁ?dl%ésaﬁﬁﬁg%?EdlnwF?
pericardium fixedif 0c622% Buf Eﬁéedregté@atﬁi; deby dee f 6 oot mph r piet ¢ ciaas d| um .

[0148] A pronase sol ution S issolvin 10_100

(Streptomyces SWF%éugPrgﬁaﬁgoﬁgﬁ g& CFU ghf%&l %SgFﬁszﬁﬁg QQ?Péﬁg%%

buf fer solsiti aemb@s@ibke pHE. éhpecdntratpi of ﬂh&NthyprneeSFlQ@MP@I%@U@O
sanples were r|n ed . in Lon t et tes, blotted, dried
over ni ght at ?66@ 5dw8%u§e5ai$%9¥§@sg%%%ggoﬁeggf 5 incubated in the
pronase solution at 50C for 24 hours. Remaining tissue sanples were rinsed

in deionized wahpprpdgi ed oveppirghk ahrfOFrandrvgi ghedipResiistapee to
pronase di gestronm was—det er mimed by the mess of Temai ni Ng tiSSUeE,

10 [0156] In a further animal study, kangaroo valved
aortic conduits, fixed in 0.625% buffered glutaraldehyde
as described in Example 1 (treated tissue) were compared
with valved aortic roots extracted as in Example 1
(untreated tissue). The aortic roots were rinsed in 0.9%

15 saline for 5 minutes and surgically implanted in the
pulmonary artery position of juvenile (4 months old)
Merino-Dorset crossbred sheep. These valved implants were
removed after 200 days and the calcium content of the
valve leaflets and aortic wall tissues determined by

20 atomic absorption spectrophotometry as described above.

[0157] Results (pug Calcium per mg dried tissue) are

summarised in Table V.




expressed as a percentage of pre-digested tissue mass. 20 Results are
summarised in Table Il. 41 - TABLE Il Type of tissue Nunmber of sanples %
Remai ning Tissue 5 Control Pericardium 10 81.98 1.97 Treated Pericardi um
10 89.13 0.39 f t EI SS { 42 EXAMPLE 4 TENSILE STRENGTH OF Bl OVATERI AL
[0149] Tensile strength is an inportant-mEasure of material strength and
reflects durability of cross-linked 5 tissues. [0150] The tensile strength
of bovine pericardium prepared accor drfg,t oyt he met hods described in
Exanple 1 (treated pericardium, was conpared wi th bovine 10 pericardi um
fixed in 0.625% buffered gl utaral dehyde (control pericardium. [0151]
Tensil e strength of representative pericardial strips (8 x 80 mm of both
groups of tissue were nmeasured 15 with a hydraulic 2Zw ck/ Roel |l (Mbdel

2010) tensilé Testing machine, fitted Wthn a 10 KNewtonm toad-Ttett+—at—=
constant TextBre¢onfrate of BomhEni n. TensiUet seaeagt h andlrediongati on at
break were eV@iygﬁgd fronlthe recorded |oag{elongation cufves, Results are
summari zed i n—Fable—26-

+

Valve leaflet 12 2.54
Aortic wall 12 137.93

1.30 1.20 £ 0.94
12.68 3.22 + 0.75

=

10

i
\\-«w




- 43 - TABLE IIl Type of Nunber of Tensile Elongation (% 5 tissue sanples
strength (NNm®) Control 10 36.59 1.33 14.18 1.67 Pericardium 10 Treated
10 71.82 3.33 15.99 0.61 Pericardiuml| { - 44 EXAMPLE 5 CALC FI CATI ON
PROFI LE OF Bl OVATERI AL [0152] Experinental studies in small and | arge
animal nodel s have been performed to assisss the effectiveness of 5 the
above-descri bed process in mtigating calcification of treated collagen
o " o aBbELE A S [ Pl (Be ) F AT by wkan oo val ve

| eafl ets and aorti cwalt—tissues, prepared by 10 standard
fixation in only 0.625% buf f REREVED | [FB¥yHi¥ehyde (untreated tissue), were
conpared with kangaroo valve |leaflets and kangaroo aortic wall tissues
treated according to the nethods described in, Exanpl e reated . tissue).
15 [0154] AortPE5%AI1 tIRsRel SapPest itk B % zg‘?t%%%té%opra’%cgﬂlveal ve

| eafl ets of bgbht gt oudsSvMETr €ondises, | fi ¥e@%n salfferddro 56Mutes. The

rinsed tissues were suyrgicall iopl anted in s Hocketis (one
sanpl e of eacﬂlﬁﬁaﬁ?igﬁg%é? f%@g?égk%éhékf%ék%ﬁgggénpr dorsal wall area
of porcine valved conduits prepared according to the method

described in Example 1 (treated tissue). The porcine
valved conduits were rinsed in 0.9% saline for 5 minutes

10 and surgically implanted in the pulmonary artery position
of juvenile (4 months old) Merino-Dorset crossbred sheep.
These valved implants were removed after 200 days and the
calcium content of the valve leaflets and aortic wall
tissues determined by the atomic absorption

15 spectrophotometry described supra.

[0159] Results (ug Calcium per mg dried tissue) are

summarised in Table VI.

20

R




growing (6 weeks old) nmale Wstar rats. After 60 days, the explanted
ti ssues were dissected out of surrounding host tissue and dried in a
Bi ot hermincubator (Selby Scientific, Perth, WA at 90C for 48 h. The
dried sanples 25 were wei ghed, and the cal ciumcontent extracted in 5.0m 6
N ultrapure hydrochloric acid (Merck, Perdh,-WA) at 75C (rtA, ' for 24 h.
The extractabl e cal cium content was then neasured using an atomc
absorpti on spectrophotonmeter (Varian AARfb)yjand expressed as pg cal ci um
per mg tissue 30 (dry weight). These data are sumarised in Table IV. - 45
- TABLE IV Type of Number Untreated Treated Tissue Tissue Tissue 5 Valve
leaflet 10 6.45 4 .65 1.3 0.74 Aortic wall 10 28.67 7.22 1.9 0.15 46
[ 0155] The ef i veness of new process..i jti,gating_calcification is
readily ap arggﬁgié%Table IV&D%E§FCiun1|eveV%QFﬁg%ﬁg treat e0°tFSdues were
conpar abl e t oTifgyel s normal ly present in ubfsxed tissues Andstderefore 5
denonstrate the superiority of the new process conpared to standard
gl ut ar al dehyde fixation only. EXAMPLE 6 FURTHER CALCI FI CATI ON STUDI ES I N
SHEEP 10 [01B8}Venlaaflether &nimal study40kéhghr 09. 98l ved- 6Qottl c75
conduits, fixedrtdcOw825% buffered gl utaraisiehyde 1asoegescei bed, i d&xanple
1 (treated tissue) were conpared W th valved aortic roots extracted as in
Exanmple 1

10




(untreated ti

ssue). The aortic roots were rinsed in 0.9% 15 saline for 5

m nutes and surgically inplanted in the pulnonary artery position of
juvenile (4 nonths old) Merino-Dorset crossbred sheep. These val ved
inpl ants were renoved after 200 days and the cal ciumcontent of the valve

| eafl ets and

aortic wall tissues determ m@d-by 20 atom c absorption

spectrophotonetry as descri bed above. [0157] Results (g Cal cium per ng
dried tissue).are, SWmaris FARALr O o BovINEABERNAROMe of Number
Untreat ed Tre%{—ebg’g—ksﬁ—s ue Tleéjp;tuév]l F1 af;leaﬁ

0.94 Aortic

Vatve teaftet 12254 1.30 1.20
wal |l 12 137.93 12.68 3.22 0.75 10 48 EXAMPLE 8 FURTHER

CALCI FI CATI ONy STAEY ES WTH, PG DER MEDRTI SSUEN 0148 ddl @i fausdthem ani el
st udy, untrea{ ed porcine aortic valve con UI ﬁ &e%é[n bnge%re%j

0.625% gl ut apafdehie ?%rﬁ%la}%%op%lfjs l%r

val ved congui

‘porcine
é§u@é§£@deﬂdy@@coé@imt\gol méﬂ‘mam:tzhm:b wmgmr&rxwecdl vExdnpite 1

(treated tissue Ch%hc%ﬁfr cgg?eﬁlr\l/?]ln% a f%\d\yﬁ S & Ll sed 40, sal ine

for 5 m nutestd

e pucf m)nary artery position

of juvenile (dcoondhsg otd)tmbrmabhmr@%cmmmreﬁm 1 THesA tR4l ved
ol ant s ver o, eMDYEA, 5 11 200 dasa el Lifup B8l A SN SRbuTudihe Val ve

| eaf |l ets and %

10

15

trimmed to 1 x lcm size and rinsed in 0.9% saline for 5
minutes. These samples were surgically implanted in
subcutaneous pockets, created in the central dorsal wall
area of growing (6 weeks old) male Wistar rats. These
tissues were removed after 60 days, host tissue removed
and the calcium content determined by atomic absorption
spectrophotometry. Results (pg Calcium per mg dried

tissue) are summarised in Table VII.



ti ssues determ ned by the atom c absorption 15 spectrophotonetry descri bed
supra. [0159] Results (g Calciumper ng dried tissue) are summarised in
Table VI. 20 - 49 - TABLE VI Type of Nunmber Untreated Treated 5 Tissue

Ti ssue Tissue Valve leaflet 6 40.68 5.39 3.60 1.75 Aortic wall 5 142.62
14.25 5.54 1.99 10 50 EXAWPLE 8 CALCGIRLATI ON OF BOVI NE PERI CARDI UM
[0160] In a further animal study, the calcification potential of bovine
pericardiumfixed in 0.625% buffered 5pghitt aypf dehyde (control pericardi um
was conpared with the calcification potential—of bovine pericardium
prepared accordingto thenethod—deser+bed—+n—Exanpte—t—{treated———
pericardi um . TRepreseniatiuye sanpl es ofuRiseh gr ool ¥R céhtdmed to 1 x lcm
si ze and ri nset—n—6-9%—saH-ne—+or510—ninutes—These—sanpleswere
surgically inplanted in subcutaneous pockets, created in the central

dorsal wald Geearol Beowsagd{émweeks oll) nale VW&t@8 tars.3These tissues

were renoved @fégﬁe@OP%P¥éarQP§$ tissue {gnoved apd, the cglfiun1content
det erm ned g —=ttm

per ng drled tissue) are summarised in Table VII. 51 -




TABLE VI Type of tissue Nunmber Calcium Content 5 Control Pericardium 10
136.68 11.39 Treated Pericardium10 4.10 2.11 52 EXAWPLE 10
CALCI FI CATI ON OF DECELLULARI ZED KANGAROO PERI CARDI UM [ 0161] I n anot her

ani mal study, the calcification 5 potential of kangaroo pericardiumfixed
in 0.625% buffered gl utaral dehyde (contgml- pericardium was conpared with
the <calcification potential of kangaroo pericardium which had been

dece"U'arizggﬁggﬁaﬁggfaredc ERgréR dReprEthosisardespr i bed in Exanpl e
1 (treated p i .1 sanples of each group were
trimmed to 1 x |lcm size anBANGABed PRRECBABEEI | ne for 5 minutes. These

sanples were then surgically inplanted in subcutaneous pockets, created in

t he m d-abdom nal dorsal 15 wall area of grow n 6 : ) |l e Wstar
rats. These[Pl§sles méﬁeaﬂéﬁﬁ9édaaFW@£ %gugﬁys?h%o%¥f§¥§§§%gz?gﬁbved and

the cal cigm ggREgRt adeber RhAgdrby ptohtardabsof prednispech? dphoebhetey by
st andard procedures, esul t s cal ci.um : ried.ti % ?{€h th
summar i sed iﬁlEEa?éﬁggﬁvg?lﬁCPg?FOESP?r%%§§El€@1?w%§pgé%$ #?ssue Nunbe

. nber
Cal ci um Cont eatl ci€apkEabnPebiceatdrlinps Rangaro. peplcardium, whlchuhag
been decellularized and prepared according to the methods

described in Example 1 (treated pericardium).

10
[0162] Represented samples of each group were trimmed

to 1 x lcm size and rinsed in 0.9% saline for 5 minutes.

These samples were then surgically implanted in {'?

subcutaneous pockets, created in the mid-abdominal dorsal o
15 wall area of growing (6 weeks old) male Wistar rats.

These tissues were removed after 60 days, host tissue

removed and the calcium content determined by atomic

absorption spectrophotometry by standard procedures.

Results (ug calcium per mg dried tissue) are summarised in

20 Table VIII.

N



Treated Pericardium7 0.406 0.029 - 54 EXAMPLE 11 RECELLULARI ZATI ON OF
DECELLULARI ZED KANGAROO PERI CARDI UM [ 0163] In the sixth animal study, the
recellularization 5 potential of decellularized kangaroo pericardi um fi xed
in 0.625% buffered gl utaral dehyde (control pericardiun) was conpared wth
the recellul arization potential of decellbbarized kangaroo pericardi um
prepared according to the nmethod described in Exanple 1 (treated
pericardium). 10 The kangaroo peri cardigti was decel lul ari zed for 24 hours
at roomtenperature in 0.25% Triton x-I00 and 0. 25% Sodi um dodecyl sulfate
and rinsed in culture nedia for 20 mnutes. Represented sanples (n=5) of
each group of pericardiumwere trimed t0 2 X 2 cmsize and rinsed 1m 15

0.9% saline f LNyt es. These sanpl es were seeded erile
e e g B S e D N aEbEr S e o haote S Fhman

saphenous ¥ein. The seeded pericardi um was |ncubated at 37C in standard
static cell éHhEP&? ?8%9&5%89§ for 21 days. Cell growth, was 20,

m croscopi cal |y assesse every days and cat egori sed™ " accordi hg 90 t he
following a VT§GéFe§c8Pél@ﬁfd1ym No viabl@ fibrobl ast8.ppesend.onmatri x
sur f ace; 2) Jless than 50% of matrix surface covered with fibroblasts
(+); 25 3). More than 50% matri x surface covered with fibroblasts (++);
4). Matrix conpletely covered by multiple layers of fibroblasts (+++).




30 [0164] A rapid colorimetric assay, MIT (3-[4,5-
di met hyl t hi azol - 2-yl] -2, 5di phenyltertra-zolium brom de test was enpl oyed

at day 21 to

peri cardi um and presence

confirmthe absence of viable fibroblasts on the control

of viable fibroblasts on the treated pericardi um

(for MIT 35 nethod see, for exanple, Zundset- al., 1999, Eur J Cardiothorac
519-24). Results are summarised in Table I'X. 55 - TABLE IX

ﬂne&WrdégﬁﬁﬁLmTr i + + + + +
Day 7 20 0 fim Tr 3t &o 7 Gr BRCH uThRTZRD e 3170
0 0 0 0 +++ +++ ++ +++ +++ FEANGHGMPIFERTCATROSR] | NK STABI LI TY OF KANGARQOO
TISSUE [0165] Two types of kangaroo tissue, aortic mall tlssue and

Surg., 15(4):

kangar oo peri
Exanmple 1 up
and then g ut
conpared to

"fresh" tissu

cardium were treated usin the oce ure Ilned in

{oLlehl i ncludipgy step? (Hjifak. st yc'oh sroef‘iﬁ HrekTeathrent

@é&i@ﬂyﬁeof caOSST L i nki Need Thase toegied ¢dd ssues Were tJlTen

of perlcardlucmﬁﬁﬁgmdewﬂﬁhaﬁheane¢ebluhﬁm1zaﬂxnnmpq¢3@ﬁﬂaﬂ:Bf It can be
seen thal pr ealepl UEN, <t pa o8 bAR0) e 2o g oy e@fé@@érméb%
I Nkl seen

stability of
in Table X

10

15

20

25

30

35

€ Cross 86C. These ‘data can al so
the method descrlbed in Example 1 (treated pericardium).

The kangaroo pericardium was decellularized for 24 hours
at room temperature in 0.25% Triton x-100 and 0.25% Sodium
dodecyl sulfate and rinsed in culture media for 20
minutes. Represented samples (n=5) of each group of
pericardium were trimmed to 2 x 2 cm size and rinsed in
0.9% saline for 5 minutes. These samples were seeded under
sterile conditions with 3.0 x 10° human fibroblasts/cm?,
harvested from human saphenous vein. The seeded
pericardium was incubated at 37°C in standard static cell
culture conditions for 21 days. Cell growth was
microscopically assessed every 7 days and categorised

according to the following a visual scale of:

1). ©No viable fibroblasts present on matrix surface;

2). Less than 50% of matrix surface covered with
fibroblasts (+);

3). More than 50% matrix surface covered with fibroblasts
(++);

4). Matrix completely covered by multiple layers of

fibroblasts (+++).

[0164] A rapid colorimetric assay, MTT (3-[4,5-
dimethylthiazol-2-yl1]-2,5diphenyltertra-zolium bromide
test was employed at day 21 to confirm the absence of
viable fibroblasts on the control pericardium and presence
of viable fibroblasts on the treated pericardium (for MTT
method see, for example, Zund et al., 1999, Eur J
Cardiothorac Surg., 15(4):519-24). Results are summarised
in Table IX.

@é‘%?%ﬂ? PSR ol G S8R el B RS M PR
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15 57 - TABLE X CROSSLI NK STABI LI TY - KANGAROO PERI CARDI UM 5 Shri nkage
Tenp (C) : n =5 Fresh 66.55 1.200 d utaral dehyde fixed 80.74 1.047 10
Al cohol + d utaral dehyde fixation 84.62 0.465 p = 0.016 (Qut fix versus
al cohol + glut fix) 15 CROSSLI NK STABI LITY - KANGAROO DESC AO WALL
Shrinkage Temp (C) : n =5 20 Fresh 65.00551-423 d utaral dehyde fi xed
80.11 1.281 Alcohol + dutaral dehyde fixation 86.21 0.449 25 p = 0.002
(A ut fix versus alcohol + glut fix) FaapLE- %X 58 EXAMPLE 13 CROSSLI NK
STABI LI TY AND CALCI FI CATI ON BEHAVI QUR' TN A"SUBCUTANEOUS RAT MODEL [0166]
This study ainmed to conpare the crosslink 5 stability and cal cification
behavi our of pomei ne tiSsuterol Gespcandiwal [), treatectkdavrelithedinet hod
disclosed in Exanpl'e T as conpared to a gfutaralrdenyde-fixed Uissue
control and conmercially prepared Freestyle(r) and Pr| maPl us(r)

bi oprost heti cPeyskues and. %0+ + + + + +
Day 7 + 0 0 0 O + e e
Day 14 0 0 0 0 0 ++ +++ A+ e+ 4+
Day 21 0 0 0 0 O +++ 4+ A




[0167] Fresh porcine valved aortic roots were harvested and transported at
4C in phosphate-buffered saline (PBS; 0.1M pH7.4). Representative aortic
val ve cusps (n = 30) and aortic wall sanples (n = 30; 10mm x 15mm) were
renoved 15 fromthe aortic roots and divided into two groups. Goup |

i ncl uded val ve cusps (n = 15) and represestative aortic wall sanples (n
15; 10nmm x 15mm stored in 0.25% buffered gl utaral dehyde. Goup I

i ncluded val Q@@gﬁ% Bhaidhiierigsentali ve aantheosalrissaapl es (n
15; 10mm 20 osed—tothe nethod disctosed in Exanple 1 and
stored in 0.25% buffered gl utaral dehyde. For conparison, a third group

(111) consistgg gf) val \'I%oCltSy@)%s( = kKEgaad ta@tshiet; walr: isampllas timszel0;

10 mm x 15 from Freestyle(r). .bi oprostheses t ed
of 25 val ve @jgdpgw(qgarol)o)pegﬁd: Uy S tlrgg&g s%n%o%lﬂ%okoyo%geﬁ'rémﬂ

fromPring P|d4ﬁ{]_l’1)nehi ij’ o3ddngses.1 de]t@:B]anShnmnlialglentgemt@tpat Je im@asur enent
was used to S]SSL th tabl | i ant ecall aqglr% $Raldanke ket he 30
° B

ti ssue (Levy Cusp and aortic
wal | sanpl e tambtrrklpsg (Ei“besj_eo tmRateds tlﬁ@)ielsn Wg&Eh e s WERE S5t £8ched

to an isonetr G uce! {iMs5005 AR @q&;rdyl@ntpge—;%uﬁamﬂema)
interfaced w%lﬁlgaq&ol\;%err\t_ Cﬁend%t a acqlw Si t| one system arn (?%?t 3%hdesl§:t0%%_

personal conpndr.fresy gy - Sarptss neé 5 ensi on
with a head ofy18hg Eé};ﬁ@_ﬂ%ﬁ%ﬂaﬂﬁta&@l@ﬁEWFﬂg@m@eﬂat wret acoritircol | ed

water bath filled W|th 9% sal i The erat r I, h was
gradual | y i ndfeles dd-sstue (Flogure r’be) ﬂ can TRETRY ech% tp@% At rRak

with ethanol has a significant affect on the stability of
the cross-linking at ~85°C-86°C. These data can also be

seen in Table X.
15

N




5 approximately 1.5C min from 25C to 95C. The shrinkage tenperature was

i ndi cated as a sharp deflection point from constant extension when the
col | agenous nmaterial was denatured. 10 [0170] The shrinkage tenperatures
for valve cusps and aortic wall tissues are listed in Table XI. No
significant differences were identified between the control, test
procedure of Exanple 1 ("test"), Freestyle(r) and Prima Plus(r) cusps.
Test procedure - treated aortic 15 wal ITABEBUe showed a significantly (p <
0. 05) higher shrinkage tenperature conpared to control, Freestyle(r) and
Prima Plus(r) wall tissues. - 60 - TABLE XI SHRI NKAGE TEMPERATURES (C) OF
VALVE CUSP AND AORTI CORRSISLIHKTISSBBE L ISnpl E&AGGAROM0PERE CARDILUMCont rol 84. 6
1.40 86.73 0.26 Test 85.5 0.24 89.34 0.19* Freestyle 85.7 0.35 86.16
0. 40 Prqu Plus 84.3 0.18 86.37 0.34 (n = 10 per group) 10 Val ues are

mean <Q. 05 (Test versus Control, Freestyle, Prima Plus). 15 1 - 61
[0171] ReS|stance to proteoly$m§l@%gg@mqéﬁﬂe§t¢pn was- Hased upon the
nmet hod of G rardot—& G+ardot—(I—Heart
Fresh 66.55 + 1.200
Glutaraldehyde fixed 80.74 # 1.047
10 Alcohol + Glutaraldehyde fixation 84.62 + 0.465

p = 0.016 (Glut fix versus alcohol + glut fix)

)
15
CROSSLINK STABILITY - KANGAROO DESC AO WALL
Shrinkage Temp (°C) : n =5

20
Fresh 65.00 £+ 1.423
Glutaraldehyde fixed 80.11 x 1.281
Alcohol + Glutaraldehyde fixation 86.21 + 0.449

25 p = 0.002 (Glut fix versus alcohol + glut fix)




Valve Dis., 1996, 122: 71-82). A pronase solution was prepared by

di ssolving 10 ng pronase E (type XIV fromb5 Streptonyces griseus; Sigm)
and 100ng cal ciumchloride, in 200nl HEPES buffer solution (0.01M pH7.4),
containing O0.1Mglycine. Fixed tissue sanples were rinsed in deionized
water for 3 mn, blotted, dried overnights8at- 70C and wei ghed. These
sanpl es were then incubated in pronase 10 solution at 50C for 24h.

Renai ning ti sgyay £S5 Wergroddmaed smﬂmm zerb WA e F IdATadNover ni ght

at 70C and Si stance to_pronase M&)ﬁ tNEdeLned by the
mass of remaining tissue, %@Q&fﬁ& ftage—of—t he—pre-di gest ed
tissue mass. 15 [0172] Resistance to enzymatl c degradation is illustrated

in Figure 3. E’@i}heé roce ure1 Frf325tflrrl1e<:{ AR qn Frd ma, PlUs(JIJ iGHSp tissues

showed signif (p<0. HeRges I T ési st ance to proteol ytic
di gestion Scon@*aaleﬁlﬂtﬂytmd:oml@ifz(d%tgmre IgMa Vi sighigdredme di¥seence was

seen bet veen {esi, progedur e Frsesiyd fon ik RdiPIds(rlosdisim ti ssues.

[0173] Test p ure-treated aortic wall tissue showed kB 25 equal

resi stance (pExaNS)etb »F cr@myEed o qestiwm Rl ey dsdinrsl T ¥, and a

5'9”'f'Ca”“yc&ﬂt@o?%ncﬁ“&&ﬁﬁef@ﬁéﬁ Nees Wrmé&ﬁr@ﬁm e(r) and Prinma
Plus(r) wall tissues gure 3B). 30 [0174 Youcgg mal e Wstar rats

(bodywei ght 1BDLB0E}S v@%%%pjfﬁ’% ¢ it o5 one group (n = 10)
receivedccusp i nplants and the second group (n = 10) received aortic wall

I nplants. EaCPO?E%fal r ES%H?EoPQPn&a@%ﬂ&%éﬁaortlc roots were harvested
and transported at 4°C in phosphate-buffered saline (PBS;
0.1M, pH7.4). Representative aortic valve cusps (n = 30)
and aortic wall samples (n = 30; 10mm x 15mm) were removed

15 from the aortic roots and divided into two groups. Group
I included valve cusps (n = 15) and representative aortic
wall samples (n = 15; 10mm x 15mm) stored in 0.25%
puffered glutaraldehyde. Group II included valve cusps (n
= 15) and representative aortic wall samples (n = 15; 10mm

20 x 15mm) exposed to the method disclosed in Example 1 and
stored in 0.25% buffered glutaraldehyde. For comparison, a
third group (III) consisted of valve cusps (n = 10) and
aortic wall samples (n = 10; 10 mm x 15 mm) from

Freestyle® bioprostheses, while group IV consisted of

25 valve cusps (n = 10) and acrtic wall tissue (n = 10; 10 mm N
x 15 mm) from Prima Plus® bioprostheses. \_J
[0168] Shrinkage temperature measurement was used to

assess the stability of the collagen cross-links of the
30 tissue (Levy et al., 1986, Am. J. Pathol., 122:71-82).
Cusp and aortic wall sample tissue strips (5 x 10 mm; n =
10) in each group were attached to an isometric force
transducer (MLT0500; AD Instruments, Australia),
interfaced with a PowerLab data acquisition system and a

35 desktop personal computer.




each of the four groups of tissues, nmaking a total of 80 35 inplants. 62
[0175] Rats were anesthetized with pentobarbital (Nenbutal (r); 45ny/Kkg,
intraperitoneal). The dorsal nuscle area was shaved and disinfected with
15% di luted chl orhexidine gluconate (I Cl Pharnaceuticals, Perth, WA 5 and
et hanol (Merck Chem cals, Perth, WA). [0178]-Inplants were thoroughly
rinsed in deionized water for 2 mn to elimnate residual fixative, and
then inplant ¢d1l691]0 sulsampaagouér@ou@beslhh&@ﬂgbaﬁﬂ bREESEOBNOf 4R 2. 5cm
into the back.,nu The i.ncision was clos th 5-0 Prol ene
sutures. [0177P2 éa g %re 24cPPfi CBRLPEEr LB @ﬁto%%kstﬁ??ﬁr%ﬁur%ver dose of
bar bi t ur at es (:Eutheihasé(wmerahdthhélﬂjﬂ)esawlﬂﬁ ousel eawahé, conéai ning the
subcut aneous v o} antitatiye d qualitative tissue
cal cium anal ;gﬁ&@?é {:ggle) Swg%} %%g%asg%ll %r%glﬂaf%ol?%ea%%%t%% cally
symretrical héPPé@Xl@éeihﬁl i s I@sfedflfm 2 HCotrioc 9abBS or pthenshrinkage
SpeCtrOphOtOngéﬁﬁeréﬂgréhﬁagtBﬁ&l@gkédzgs“QSsﬁé%§ddéPlégﬂéngégfﬁg from

f or mal dehyde rocessed f istolo ‘Pﬁ& I xed sanples were
enbedded in paPaFE?ﬂtmﬁsétenééem%@a 5@63@ lagenevearabesiah Nvon Kossa
stain for 25dguatutasiive cal cium anal ysis. Hi stol ogical exam nations were
performed using an A ynpus BHS |ight m croscope. [0179] Explanted tissue
sanples fromall groups were dissected free of surrounding host tissue and
dried inld 30[8L60her m Theubat onkéSel bymSerenhids cfoPevdhve WA sps Q0L

aortic wall tissues are listed in Table XI. No
significant differences were identified between the
<f> control, test procedure of Example 1 (“test”), Freestyle®
and Prima Plus® cusps. Test procedure - treated aortic
15 wall tissue showed a significantly (p < 0.05) higher
shrinkage temperature compared to control, Freestyle® and
Prima Plus® wall tissues.

oy

-




for 48 h. The dried sanples were wei ghed, and the cal cium content
extracted in 5.0 6 N ultrapure hydrochloric acid (Merck, Perth, WA at
75C for 24 h. The extractable cal ciumcontent was nmeasured using an atom c
absorption 35 spectrophotoneter (Varian AA1275) and expressed as pg Ca

per ng tissue (dry weight). - 63 [0180} 4% st ol ogi cal exam nation indicated
the presence of severe, intrinsic calcification in the explanted control
cusp sanpl es (data not shown). No visible calcification was noted in
either the ADAPT, Freestyle or 5 Prima Plus val ve cusps (data not shown).
[0181] Explanted aortic wall tissue redé®&d®Xdeveral calcifications of the
nmedia ((data not shown) in control ~sanples. No VISIb|e calcification was
noted in the 1Q_ expl ) A
Moder at e cal ci : €S
(data not shown) and Prlna Plus (data ﬁﬂSS§Eomn) aortic mall tissues. 15
[0182] The quantitative tissue calciumlevels for explanted cusps are
illustrated iHAFigure4A—Contrel—sanptes,—fixed—ingtutaratdehydeonty,
showed the hi §hepile | evel of calcluspin this nodel (9208%ic7wapd/ng). The
calciumlevels of the tissue treated by the nmethod of 20 Exanple 1 were
2.09 0.22 pg/ng tissues, while Freestyle(ﬁé was 2.03 Bg gg and
Prima Plus(r)Camsrels54 0.17 pg/ 84-°Thi $-frBans that ?ﬁe7§r§a cusps
significantlypcteduced cal cium | eggls (po<84001) conpeped4t e oombrol

sanpl es. No significant dlfferenc% mqsﬁsggngetmeen t@%.16 L 0.40

Freestyle
Prima Plus 84.3 £ 0.18 86.37 £ 0.34

(n = 10 per group)

10 Values are mean * SE.

*p <0.05 (Test versus Control, Freestyle, Prima Plus).

15

P
(-




25 tissue calciumlevels of Exanple 1, Freestyle(r) and Prima Plus(r)

cusps after eight weeks. [0183] The quantitative tissue calciumlevels for
explanted aortic wall sanples are illustrated in Figure 30 4B. The cal ci um
content of Exanple 1-treated aortic wall sanples (4.86 0.12 pg/ng tissue)
was significantly (p <0.001) |ower by £961 9% than that of control sanples
(120.11 7.48 pg/ng tissue). Freestyle(r) and Prima Plus(r) aortic wall

sanpl es ShOWE@OIEQPCt|Oﬁéshgtgﬁégl{bcﬁibQQOPytﬁé égzﬁﬁga@ggéétﬁgh@was
respectively. g % 184# These data_suggest that the nethod disclosed in
Exanple 1 is hepedt Fpan ne BEERAY ‘Pf‘leG-b%?E‘ii‘?‘? c%lt%wapt bofh BRAEF ne cusp

and wal | ti ssue$venDassubE99aneD215 rat-sapded . pﬂ?bl%fe ded puf L heds suggest
t hat enhanced I|n in |nportant r in mpinzing aortic
wntl oatorr BEESERedenl L% PR AL adiRES S | RN A e G | v
1. A nethdd fétrppbdm;wﬁg gnlsﬁpban$a@h@ baodret @oia@l ca ot i sh hgride ( a)
exposing a bi offed g5kl ukPeanodk £oN0Ls1 COMA g@n@lﬁolgasw )@ Aol ] easy 24

hours. 2. A nethod of treating a collagen containin jonateria
produce cal ci $i €4t 9b¥iCEes} st Bhtehi bhases | 3dmpIes covpe i simeed (&) exposing a

biomaterial tgeadnak&Qhphte £ORSAI Difgy SAbIEOM f Qlr ALy | SASEn Zh MO Spooc
and weighed. These samples were then incubated in pronase
10 solution at 50°C for 24h. Remaining tissue samples were
rinsed in deionized water, dried overnight at 70°C and

weighed. Resistance to pronase digestion was determined

{f} by the mass of remaining tissue, expressed as a percentage

of the pre-digested tissue mass.

15
[0172] Resistance to enzymatic degradation is
illustrated in Figure 3. Test procedure, Freestyle® and
Prima Plus® cusp tissues showed significant (p<0.0001)
increases in resistance to proteolytic digestion compared

20 to control (Figure 3A). No significant difference was

seen between test procedure, Freestyle® and Prima Plus®

cusp tissues.

[0173] Test procedure-treated aortic wall tissue showed
25 equal resistance (p = NS) to proteolytic digestion as the

kw} control tissue, and a significantly (p<0.01) higher

resistance compared to Freestyle® and Prima Plus® wall

tissues (Figure 3B).

30 [0174] Young, male Wistar rats (bodyweight 150-200g)
were divided into two groups; one group (n = 10) received
cusp implants and the second group (n = 10) received
aortic wall implants. Each animal received one sample of
each of the four groups of tissues, making a total of 80

35 implants.




3. A nmethod according to claim1 or claim2, further 15 conprising the
steps: (b) exposing said material in step (a) to a cross-linking agent;
and (c) exposing said material in step (b) to an acidic solution; 20
wherein step (b) and (c) are sequential to step (a). 4. A nethod for
producing an inplantable biomaterial eosprising: (a) exposing a

bi omaterial to an al cohol- 25 containing solution; r** (b) exposing said

material in a) t
material in %p%gEﬁ ) %a%ﬁ %%Q%Sah%@%P@Q1@Q%n%itﬁn§eﬁ€bb§XBQﬁbmg sai d

acidic solutiogn re (c)
are sequentldmambwﬁ%%®(é¥m©/$g AlﬁéﬁﬁﬁﬁréFopﬁééﬁlng h ca ga 88% ai ni ng
bi omat eri al d%e%T%QHP%H%ﬂéH1Hdaahh%&nﬁg%t%6amhthlQﬁatdnﬂatedonpr|5|ng 35

(a) exposing a bi t | t I |_-
oy d et or | ISP SEGE A €505 PoB6 | HrTo SRR LEaRt : Zand"( o) *oxposi ng

sai d mat epi alarid esfremdib) (Mer cdn Chagiidiad ssolPetritdn; Waherein step (b) and (c)
are sequential to step (a). 5
[0176] Implants were thoroughly rinsed in deionized
water for 2 min to eliminate residual fixative, and then
implanted into subcutaneous pouches through an incision of

10 2 .5cm into the back muscle wall. The incision was closed

with 5-0 Prolene sutures.

[0177] Rats were sacrificed after eight weeks with an
overdose of barbiturates (Euthenase®), and the dorsal

15 muscle wall, containing the subcutaneous implants, was
removed for quantitative and qualitative tissue calcium
analysis. Each retrieved sample was divided into two
anatomically symmetrical halves. One half was used for
atomic absorption spectrophotometry, and the other half

20 was fixed in 10% buffered formaldehyde and processed for

histology.

[0178] Fixed samples were embedded in paraffin wax,
sectioned at 3um, and treated with Von Kossa stain for
25 qualitative calcium analysis. Histological examinations

were performed using an Olympus BHS light microscope. (J

[0179] Explanted tissue samples from all groups were
dissected free of surrounding host tissue and dried in a

30 Biotherm incubator (Selby Scientific, Perth, WA) at 90°C
for 48 h. The dried samples were weighed, and the calcium
content extracted in 5.0ml 6 N ultrapure hydrochloric acid
(Merck, Perth, WA) at 75°C for 24 h. The extractable
calcium content was measured using an atomic absorption

35 spectrophotometer (Varian AA1275) and expressed as ug Ca
per mg tissue (dry weight).




6. A method according to any one of clainms 3 to 5, further conprising a
rinsing step between steps (a) and (b) and/or between steps (b) and (c).
10 7. A method according to any one of clains 3 to 6, further conprising a
rinsing step after step (c). 8. A nethod according to claim7, wherein the
step of rinsing the biomaterial is condug?ed using a phosphate- 15 free
solution of 0.9% saline. 9. A nethod according to any one of clains 1 to 8,

wherei n the bﬂom&o¢riaIH@Qﬂpﬂb@@@a@oékéﬂﬁﬂat2Qn19md£b£€é@°ﬂh@g§§@§%ﬁ@bt0
any one of claims 1 to 9, _wherein tgeﬁfionaterial i s |solﬁte from an
animal . 11. ACHetR88TSecoPEFAGSEE CRAFHT 162 Cier SR nthReS*Rbine?di s sel ect ed
fromthe groupoobnsistiing ebmahesvideta 26t ashovine, Wocapsimes an equinf,
a porcine, a ]]! h : nmet hod ing to any one o

ol b 1 to o aher ok PR BT orar ot & 7 ABb LR Rt St ot Salhleathesi s
30 contai M ngPexnpaPtes| updvemanspx OBt bd nedt f slkowah. ani nal  or a
reconstituted tissue. 13. A nethod according to any one of clains 1 to 11,
wherein the biomaterial is_a cellular tissue selected from 35 the group
consi sting cafdi®bhscul BrPipaked, 2petif cwalborissesueeverbed 3¢estRl heart

val ve, aorticc&Deisic@pibhs ofathe modidc(leafdelst PeSICRr dh abodt SSUE,
connective - 67 i ssue, the mgtrix or solid organs, dura nater

ff' of t K

dermal tissue®BPvascul B YHELReS ortal hhERrionards Iagesd Hertl@r di um

|i gament 10t enelgp] abt eddtvessadbstiamiall calssue ((data not shown).
Moderate calcification of the media was noted in the
explanted Freestyle (data not shown) and Prima Plus (data

O not shown) aortic wall tissues.

15 [0182] The quantitative tissue calcium levels for
explanted cusps are illustrated in Figure 4A. Control
samples, fixed in glutaraldehyde only, showed the highest
level of calcium in this model (92.37 + 7.9ug/mg). The
calcium levels of the tissue treated by the method of

20 Example 1 were 2.09 £ 0.22 pg/mg tissues, while Freestyle®
was 2.03 £ 0.29 pg/mg and Prima Plus® was 1.54 * 0.17
png/mg. This means that the treated cusps significantly
reduced calcium levels (p <0.001) compared to control
samples. No significant difference was seen between the

25 tissue calcium levels of Example 1, Freestyle® and Prima

{J Plus® cusps after eight weeks.

[0183] The quantitative tissue calcium levels for

explanted aortic wall samples are illustrated in Figure
30 4B. The calcium content of Example l-treated aortic wall

samples (4.86 + 0.12 pg/mg tissue) was significantly (p

<0.001) lower by (95.9%) than that of control samples

(120.11 * 7.48 pg/mg tissue). Freestyle® and Prima Plus®

aortic wall samples showed reductions in calcification of
35 47.8% and 51.95%, respectively.




ti ssue, bone tissue, fasciae, and subnucosal tissue or 5 skin. 14. A

nmet hod according to any one of clains 1 to 13, wherein the

al cohol -containing solution used in step (a) conprises one or nore

wat er - sol ubl e al cohol (s). 10 15. A nethod according to claim 14, wherein
the water-soluble alcohol is a C1-C6 |l-ower -al cohol. } 16. A nethod
according to claim 15, wherein the C1-C6 15 | ower alcohol is selected from
Lhe oroup conghobha of ryBELhAROL < ebhanol v gy clobaxangle dsapropanol

pr opanol , anol, pentano i sobut , sec-butanol and t-butano] or
conbi nation t BepeBie ?Ol§7efﬁ@ﬁﬁ%ﬁ%dl%cé%ﬁ%ﬁ¥ﬁﬁt%ﬁ%ﬂﬁﬁ%ﬁkﬁ%ﬁaﬁﬂ%ﬁn%n1 to

16, wherein thenab6089heceontgl #hagwSOl %i@@u@@nﬂﬁléefﬁdbcﬁﬁﬁaném AD0%
al cohol in a non buf f ered aqueous sol vent. E @%%Eth d acc rdln _to any

one of clai nsM39¢d- 1$h6595dﬂ5%r FﬁtQTEpSY%ge? i %Rﬁe of &t- | east 24
hours. 19.5 A mehhodgastaydi ag tepanyanneroife clmimsnimining,acwmhir eial st ep
(a) is carried Qutffortat | east 36 hours. 30 20. A nethod according to any
one of claims“T to 172" Wherein step (a) is carried out for at |east 48
hours. 21. A nethod accordlng to any one of clains 3 to 20, wherein the
cross-linking agent is selected fromthe group 35 consisting of
carbodi i m de, pol yepoxy ethers, divinyl sulfone (DVS), genipin,

pol yal dehyde and di phenyl phosphoryl azi de (DPPA) or conbi nations thereof.
68
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22. A nmethod according to claim21, wherein the polyal dehyde is

gl utaral dehyde. 5 23. A nethod according to any one of clains 3 to 22,
further conprising a sterilisation step after step (c). 24. A nethod
according to any one of claims 1 to 23, wherein each step is carried out
at a tenperate between 2C 10 and 4 0C - 25.-A nethod according to claim
24, wherein the tenperature is between 4C and 30C. 15 26. A nethod

accordi ng to cHai grL24MswhereNnNtheHst enperatoneaks RSt weenop§: and 25C. 27.
A met hod according to any one of clainms 3 to 26, wherein the acidic

solution contains an acid capable of 20 inactivating and/or nodifying the
fixed and/ or unfixed crbssethodi igr agesduabh@t desipseserndbid bh@naterial

bi omat eri al é&&§E1§%ﬁ8-(b)- 28. A nmethod according to any one of clainms 3
to 26, 25 wherein the”acidic solution contains an acid capabl e of
cross-1inking activated(ghrbexpbsand anbhengteupslono aol shgenote form

am de bonds. 29ntAi ABLYOL, AGE QL fartgtaﬂ%ageez@fhsﬁﬂws 31to28 30 -
wherein the acidic solution used In step (c) contains an am nocarboxylic

acid. 30. A nethod according to claim?29, wherein the am nocarboxylic acid

is selected feomthe groupc€Rnsi ot itBcaBin®fa ledi Biddh Neonta A gidi ne,
thgyi;ngia}hﬁ%%&ﬁ%@%g?gTdté'p?gggééaéglciffgatfgh A eLhod, aceording, to any
10 comprising:
| (a) exposing a biomaterial to an alcohol-

containing solution for at least 24 hours.

3. A method according to claim 1 or claim 2, further
15 comprising the steps:
(b) exposing said material in step (a) to a
cross-linking agent; and
(c) exposing said material in step (b) to an
acidic solution;

20 wherein step (b) and (c) are sequential to step (a).

4. A method for producing an implantable biomaterial
comprising:
(a) exposing a biomaterial to an alcohol-
. 25 containing solution;
é;j (b) exposing said material in step (a) to a
cross-linking agent; and
(c) exposing said material in step (b) to an
acidic solution;

30 wherein step (b) and (c) are sequential to step (a).

5. A method of treating a collagen containing
biomaterial to produce calcification resistant biomaterial
comprising:

35 (a) exposing a biomaterial to an alcohol-
containing solution;

(b) exposing said material in step (a) to a




wherein the al cohol -containing solution, cross-linking agent and acidic
solution are all buffer-free. 5 32. A nethod according to any one of clains
3 to 31, wherein step (c) is replaced by step (d) or supplenented wth
step (d) said step (d) conprising exposing said material in step (b) to a
buffer-free solution containing one or-m®e nmulti-valent cation. 10 33. A
nmet hod according to claim32, wherein the nmulti-valent cation is selected

fromthe grou S{ St ngsium ferric and alumniumsalts. 15 34.
A calcificati%%gggs%éégﬁggﬁg%ﬁg?%rlaI produced by a nethod%ﬁ;%prding to
£t i%al

any one of clains 1 to G3. FHPIEY it a3 TR rdsiidt &t
conprising cross:lkisnked-coh)agen, wherein said biomaterial has a 20

cal cium content of |ess than about 50g per of, . bi qmat erj al, _and wherein
sai d bi omat erfa¢T$5N cApabl £°bfan ef Mg %#%ﬂ%é%hﬁ?ﬁ%%i'aC)fgﬁg% %%0 days
wi thout thye biomaterial increasing its cal ciumcontent above 50g/ng of

biomaterial. 25 .1 36., A calcificatli I t..hi rs ing to
claim 35, wherein saidzbi%ﬁh%%i%ﬁé§%§%¥£%§%%%§afg?%gﬁakﬁggﬁg ?;ﬁg{ﬁh
content of |efsrthan abuwti2Dy perrimsiofy HiomReriegn oy, () and

cal cification fesish plopaterial acgordifg (4o, claim35, wherein said
bi omat eri al béégre |?% anta??%n é% aggglciungégntent of | ess than about
10g per ng of

10 7. A method according to any one of claims 3 to 6,

further comprising a rinsing step after step (c).

8. A method according to claim 7, wherein the step
of rinsing the biomaterial is conducted using a phosphate-

15 free solution of 0.9% saline.

9. A method according to any one of claims 1 to 8,

wherein the biomaterial comprises collagen.

20 10. A method according to any one of claims 1 to 9,

wherein the biomaterial is isolated from an animal.

11. A method according to claim 10, wherein the
animal is selected from the group consisting of an ovine,

25 a bovine, a caprine, an equine, a porcine, a marsupial and

e
{3

a human.

12. A method according to any one of claims 1 to 9,
wherein the biomaterial is a cultured tissue, a prosthesis
30 containing extra-cellular matrix obtained from an animal

or a reconstituted tissue.

13. A method according to any one of claims 1 to 11,

wherein the biomaterial is a cellular tissue selected from
35 the group consisting cardiovascular tissue, pelvic floor

tissue, heart tissue, heart valve, aortic roots, aortic

wall, aortic leaflets, pericardial tissue, connective




bi omaterial. 35 38. An inplantable biological device conprising a
calcification resistant biomaterial according to any one 70 - of clains 34
to 37. 39. A device according to claim38, wherein said biomaterial is
coated onto a surface of said device. 5 40. A device according to claim 38
or claim39, further conprising at |east6éa second coating. 41. A device
according to claim40, wherein the at 10 |east second coating conprises an

antl-ﬁlCYOblat1§g§€§ tB8 mabtixVbrabosgest, sani@nbiginngalyAgemsed® growth
dration a ent or an anti-septic agent. 42. A devi ce

factor, an anti-

according to ?5?ﬁ$4§lsﬁﬁﬁre?n EREULAT | E198U% cToFR dhaejfent CREE kAL ed

fromthe groupecbosrdiumg Digamé@ﬂjaﬂeﬂdoﬁlW@Hﬁuﬂ0%@8@&1@%}Tﬁ%ﬂlﬁbal

streptonycin, . az e,.rifabu fluoro ones, ., of ] oxacin
AR S ATUSER RS e St Sh SR et o

spar f | oxaci n, anpi ¢irn, azi

tetracyclﬂhe,sélythrony0|n, ciprofloxa0|n, 20 doxycycline, anmpicillin,
anphotericin B, ketoconazole, fluconazole, pyrinetham ne, sulfadiazine,
clindanycin, _|linconycin, pentamndine, atovaquone, parononycin,

diclazaril, at§clovir, Rri¢tied AFEAHHY floncamhene qlerilding r, to 13,
gentanicin, gansielovike aa&w&pn@@@&&n%g & SONBZOh &y sLd- ﬂi/ré%é% onge, geavy

nmet al s |nclud|n but not limted to, gold, platinum silver, Zzinc an
copper, and Y?é&?lﬁﬁﬁb?%%do¥omﬂﬁe|Wﬁﬁ?£} iﬁug%ﬁt%lc§®%% Sk chl ori de,
15. A method according to claim 14, wherein the

water-soluble alcohol is a C;-Cs lower alcochol.

16. A method according to claim 15, wherein the C;-Cg
15 lower alcohol is selected from the group consisting of

methanol, ethanol, cyclohexanol, isopropanol, propanol,

butanol, pentanol, isobutanol, sec-butanol and t-butanol

or combination thereof.

20 17. A method according to any one of claims 1 to 16,
wherein the alcohol-containing solution comprises less

than 100% alcohol in a non-buffered aqueous solvent.

18. A method according to any one of claims 3 to 17,

25 wherein step (a) is carried out for at least 24 hours.

19. A method according to any one of claims 1 to 17,

wherein step (a) is carried out for at least 36 hours.

30 20. A method according to any one of claims 1 to 17,

wherein step (a) is carried out for at least 48 hours.

21. A method according to any one of claims 3 to 20,
wherein the cross-linking agent is selected from the group
35 consisting of carbodiimide, polyepoxy ethers, divinyl
sulfone (DVS), genipin, polyaldehyde and
diphenylphosphoryl azide (DPPA) or combinations thereof.
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20
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35

i de and periodate, and conplexes with carriers, and ot her

forms. 30 43. A device according to claim4l, wherein the growh factor

ected fromthe group consisting of hydroxyapatite, basic

rowmh factor (bFGF), acidic fibroblast growh factor (aFGF),
35 factor (NGF), epidernmal- gwowth factor (EGF), insulin-like
rs 1 and 2, (IG~1 and 1G--2), platelet derived growth facto
r angi ogenesis factor - 71 (TAF), vascul ar endot helial grow

factor (VEGF), corticotropin releasing factor (CRF) transfornkgg grow h

®q3 (TG & A IRCFACRP 6T [FouleLA-g @li- gperein ©

;
h

&ol phygsidard atdmgid.actor (GMCSF); 5 interl eukins,
ons.” 44. A deV|ce according to claimd40, wherein the at |east

ng further conprises bioabsorbable material selected fromthe

tzmg of polylna@ihcm b&oamod,ngpdtloy@lnwcolmec odcicd 2ipel Yyl &6t Qér

y aci d
&b}fﬁ %lér%%ﬁ%f(e) %oaf yhy dtpoxy %%3?{;5%% o %?z%{(t%%ne oxal at e),

f V|nyI acet ates mnth unsat ur at ed carboxyllc aci ds, water
?per si bl e 5 tq]% | Q{gl VY 12¥E85 ont Ry %n%l%i de tI@0|2)BUEV S,
|n

collagen orthoester) anld no
i wiye L il iz obrob ﬁ)wg/v:ifnﬁarrpgﬁr@ A4 ‘%Fgeﬁ%tr S0t
hosphate;. and mi xtures thereof.

25. A method according to claim 24, wherein the

temperature is between 4°C and 30°C.

26. A method according to claim 24, wherein the

temperature is between 5°C and 25°C.

27. A method according to any one of claims 3 to 26,
wherein the acidic solution contains an acid capable of
inactivating and/or modifying the fixed and/or unfixed
cross-linking agent moieties present in the biomaterial

after step (b).

28. A method according to any one of claims 3 to 26,
wherein the acidic solution contains an acid capable of
cross-linking activated carboxyl and amine groups on

collagen to form amide bonds.

29. A method according to any one of claims 3 to 28,
wherein the acidic solution used in step (c) contains an

aminocarboxylic acid.

30. A method according to claim 29, wherein the
aminocarboxylic acid is selected from the group consisting
of L-histidine, L-arginine, L-lysine, L-glutamate and L-

aspartate.

/4/»«\\‘
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20 45. A device according to any one of clainms 38 to 44, wherein said
device is selected fromthe group consisting of an artificial heart, an
internal or external cardiac assist device, a heart valve prosthesis, an
annul opl asty 25 ring, a dermal graft, a vascular graft, a vascular stent,
a structural stent, a vascular shunt, a-c@&®diovascular shunt, a dura mater
graft, a cartilage graft, a cartilage inplant, a pericardiumgraft, a

l'i ganent prosghesis, a Atﬁéﬂﬁﬁdpéééé9@§ﬁ§ t@-yﬁyn@ﬁa bF adgdernprosthesi s, a
30 pl edget, a uture ﬁ permapently in-d g Eercutaneous device, a
surgi cal pat cH! eae&ara Bvascarar- %P%E?lnén%oé? Wt 1R enfroafgl B EHAT ed

cat heter. 46.a@edevaﬁa actoidi pgltoichabme4311Whereen-thee. 35 device is a
heart val ve prosthesis. 47. A device according to any one of clainms 38 to
46, - 72 wherein the device further conprises a tissue fragment. 48. A
devi ce accordBAg to cl ahmméZhodhecedrdime t¢issyecde agirentaiss harvesikd
froman ani m 4 e e.ac to.,C e i mal
is selected f%%ﬁ?? 2 S€bg Y%gns?sggégéggd 8% £€é51§§ &@ £S$éyé$§ht%§
deer, and a kﬁh@hr%@epléd Osa#@déV?Ee @bc@@@@ﬁQSt@gaﬁyp@ﬁen@fS@i@|ns 38 to

49, wherein hQ@eQ@aLC@nfgféﬁeerOH@raS€§f§e§¥ﬁ£8§ts&léﬁﬁéﬁgc@ﬁtaﬁniﬁésue

51. A device according to ang one_of clainms 48 to 50, 15 wherein the
tissue fragnentei AEINaes BUpHirBRTeYt of2 kP s
10
33. A method according to claim 32, wherein the
multi-valent cation is selected from the group consisting
;”3 of magnesium, ferric and aluminium salts.
15 34. A calcification resistant biomaterial produced by

a method according to any one of claims 1 to 33.

35. A calcification resistant biomaterial comprising
cross-linked collagen, wherein said biomaterial has a

20  calcium content of less than about 50pg per mg of
biomaterial and wherein said biomaterial is capable of
being implanted for at least 200 days without the
biomaterial increasing its calcium content above 50ug/mg

of biomaterial.

25
%:) 36. A calcification resistant biomaterial according

to claim 35, wherein said biomaterial before implantation
has a calcium content of less than about 20pg per mg of
biomaterial.

30
37. A calcification resistant biomaterial according
to claim 35, wherein said biomaterial before implantation
has a calcium content of less than about 10pug per mg of
biomaterial.

35
38. An implantable biological device comprising a

calcification resistant biomaterial according to any one



and, upon inplantation at a surgical site, at least a portion of the
plurality of cells is able to mgrate out of the tissue fragnent,
proliferate and integrate with surrounding tissue at a site of
~inplantation. 20 52. A bioconpatible inplant, conprising a bioconpatible
scaffold conprising a calcification- resigtant biomaterial conprising
f:ross-2I5i nEed col l agen, wherein said biomaterial has a cal ci um content of
ess t han out_ .50 r f biomaterial and wherein said m
bi onat eri al ngPcC;hpanbrﬁl% %{e t_b(geri%nfg;' i npl anted for at |east 200 daygywi t hout the
bi omaterial increasing its calcium content above 50g/nmg of biomaterial. 30
53. A bioconpad i bl e inpl anty R HRdihg ¢loricnaGa 3syheneirkisaisdid
bi omaterial before inplantation has a cal cium_content .%E‘ 3833, [t han about
20g per mg ofPinwAEterd hlls SR KBYDMaibiFET M ant acSordiig to claim
5f2,I 35 \MEer ein said biomaterial before inplantation has a cal cium content
o] ess than out 10g .per ng of_ bigmaterial .. .- 73 2g95, i:QC atible
i npl ant, conptising a i%ecvtr)%beataicb Oerr(rlgL(I:1 fté (Sfl(?&r?rnpr3i8si%r¥gécllaall§]i ?P@ati on
resistant bi bumitlest atorgonpsisd gt crassss |a rieabresbldafdmd wher ei n sai d
col l agen conprises secondary amnes. 5 56. An inplant according to claim
55, wherein the scaffold further conprises a synthetic polyner, a_natural
pol ymer, an i} ect abl e lyedevice eramarelime & 81318t 0gerdiegein the at

10 least second coating comprises an anti-microbial agent, an
anti-viral agent, an anti-fungal agent, a growth factor,

an anti-dehydration agent or an anti-septic agent.

L/

42, A device according to claim 41, wherein the anti-

15 microbial agent is selected from the group consisting of
isoniazid, ethambutol, pyrazinamide, streptomycin,
clofazimine, rifabutin, fluoroquinolones, ofloxacin,
sparfloxacin, rifampicin, azithromycin, clarithromycin,
dapsone, tetracycline, erythromycin, ciprofloxacin,

20 doxycycline, ampicillin, amphotericin B, ketoconazole,
fluconazole, pyrimethamine, sulfadiazine, clindamycin,
lincomycin, pentamidine, atovaquone, paromomycin,
diclazaril, acyclovir, trifluorouridine, foscarnet,
penicillin, gentamicin, ganciclovir, iatroconazole,

25 miconazole, Zn-pyrithione, heavy metals including, but not
limited to, gold, platinum, silver, zinc and copper, and {i}
their combined forms including, salts, such as chloride,
bromide, iodide and periodate, and complexes with
carriers, and other forms.

30
43, A device according to claim 41, wherein the
growth factor agent is selected from the group consisting
of hydroxyapatite, basic fibroblast growth factor (bFGF),
acidic fibroblast growth factor (aFGF), nerve growth

35 factor (NGF), epidermal growth factor (EGF), insulin-1like
growth factors 1 and 2, (IGF-1 and IGF-2), platelet

derived growth factor (PDGF), tumor angiogenesis factor



tissue, allogeneic tissue, xenogeneic tissue and 10 conbi nati ons thereof.
57. A kit for repairing a tissue injury, conprising: (a) a sterile
cont ai ner having one or nore devices according to any one of clainms 38 to
51 or an 15 inplant according to any one of clainms 52 to 56; and (b)
instructions for use on an injured subjectl1 -58. A kit according to claim
57, further conprising: (c) a harvesting tool for collecting at |east 20
one viable tisgsne)saghbeulhOMARCEREYISE SUBIEG! raB80or Adbbrpccording to
claim58, further conprising at |east one reagent for sustalning the
viability of FRECLIGPTFRRSE bRECEFLRUL3GRPT e (CBE) , kEramsBOrmim&kigrftil ai m
gs, \(/jmerei R tHEChafb’e&TddHlJ BtO(QiGF—hUéhﬂefrlczgoﬂprii(j@ﬁ?rlaeﬁigﬁfﬁs(iI{Ig-lg)qo![ for
ividing the tissue sanple, under sterile conditiops, Lnto at |east one
tissue ?ragneﬁfénggo%Xge“mﬁEFHB 38F TPERLY nYE T AGERY skt ok o isi Ny
(a) provi di ngiatealeukicgati eandreststfmtondi onaterial according to clai m 34;
and (b) inplanting the biomaterial in a subject in 35 need of treatnent.
62. A nmethod according to claim6l, wherein the - 74 calcification
resi stant biofhterial % dechrporetediing oo orlaim ot & nEticEin ded e, 63. A

met hod accor difgst 0s&:Ghd 83aPin&! BiMKSr comprises bioabsorbable
material selected from the group consisting of polylactic
10 acid, polyglycolic acid, polylactic acid--polyglycolic
acid copolymers, polydioxanone, polycaprolactone,
polypeptides, polycarbonates, polyhydroxybutyrate,

poly(alkylene oxalate), copolymers of vinyl acetates with

e
)
.

unsaturated carboxylic acids, water soluble or dispersible

15 cellulose derivatives, ethylene oxide polymers,
polyacrylamide, collagen, gelatin, poly(orthoester),
polyamides of amino acids, polyvinyl alcohol, polyvinyl
pyrrolidone, polyetheretherketone, tricalcium phosphate,
and mixtures thereof.

20
45. A device according to any one of claims 38 to 44,
wherein said device is selected from the group consisting
of an artificial heart, an internal or external cardiac
assist device, a heart valve prosthesis, an annuloplasty

25 ring, a dermal graft, a vascular graft, a vascular stent,
a structural stent, a vascular shunt, a cardiovascular
shunt, a dura mater graft; a cartilage graft, a cartilage
implant, a pericardium graft, a ligament prosthesis, a
tendon prosthesis, a urinary bladder prosthesis, a

30 pledget, a suture, a permanently in-dwelling percutaneous
device, a surgical patch, a cardiovascular stent, a coated

stent, and a coated catheter.

46. A device according to claim 45, wherein the

35 device is a heart valve prosthesis.

47. A device according to any one of claims 38 to 46,




S further conprising the step of affixing the calcification r
bionaterial in the desired position mﬁth?n the subject being ffgztggt 64
A met hod according to any one of clains 61 to 63, 10 wherein the met hod of
treating tissue is a tissue treatnent technique selected fromthe group
consisting of tissue repair, tissue bulking, cosnetic treatnent
;haéﬁﬁguélc treatnent tissue augnentation and tissue 4 ~ sealing 15 65.

nd dressjn ris ac ist
Conpri si ng. oFBECeFnket Cori agent o Tt S G col | aten connr| s6s
secondary am nes. 20 66. A mound dressing according to claim65, wherein
sai d cal ci f| ?tl on re%ség‘picglgg@gﬂi@é s heen expoget-eitro tédecohol
before cross-Tinked wound dressing accordlqg o claim 66, wherein
25 sai d al cohdbsiig éréﬁmQBtléﬁe?aéV%%ﬁ%@ E5 N\ BUHY tr essi ng according to
ggﬁ;r;?rnthfrel?h the C1- EB I?mer al cohol is selected fromthe group

of nme ano t hano cl. ohexano 0

but anol , pentdnol , o%ugeof}’lee @%%gr%hrtl%n%%] él%ﬁq LL%t %ﬁﬁ@%’t%%ﬁﬂgl
dressi ng accahdmag t_i_e asyeonedofrcohathe g66up oc®8sigherd aftpehuman, &

Cross- I|nk|n% agent (S sglﬁgﬁed fagg} 3§ngh§ RERYRr&6NSi sting of

car bodi i m de, ﬁol e 6%9 & *divin sul fone {DVS eni
n,
pol yal dehyde and di phenyl phosphoryl a2|de ( DPPA) ) 0 P
10 50. A device according to any one of claims 38 to 49,

wherein the device further comprises a synthetic analog of

a tissue.

—r

51. A device according to any one of claims 48 to 50,
15 wherein the tissue fragment includes a plurality of cells
and, upon implantation at a surgical site, at least a
portion of the plurality of cells is able to migrate out
of the tissue fragment, proliferate and integrate with
surrounding tissue at a site of implantation.
20
52. A biocompatible implant, comprising a
biocompatible scaffold comprising a calcification-
resistant biomaterial comprising cross-linked collagen,
wherein said biomaterial has a calcium content of less

25 than about 50pg per mg of biomaterial and wherein said

@

biomaterial is capable of being implanted for at least 200
days without the biomaterial increasing its calcium

content above 50ug/mg of biomaterial.

30 53. A biocompatible implant'according to claim 52,
wherein said biomaterial before implantation has a calcium

content of less than about 20pg per mg of biomaterial.

54. A biocompatible implant according to claim 52,
35 wherein said biomaterial before implantation has a calcium

content of less than about 10pg per mg of biomaterial.



- 75 70. A wound dressing according to claim69, wherein the pol yal dehyde
is glutaral dehyde. 5 71. A wound dressing according to any one of clains

65 to 70, wherein the biomaterial is selected fromthe group consisting of
ovi ne col | agen, bovine collagen, caprine collagen, equine collagen,
porci ne collagen, marsupial collagen and7huran col |l agen. 10 72. A wound
dressing according to claim71, further conprising a sul phated

pol ysacchar i dgssel ect eda 505482l 519" 4P SANST S4dig: Ofnpiepari n.
chondroitin sul phate, dextran Ihg%l%ate aténgheparan sul f at e,

keratan 15 suPf3FeMPREXDFBn§FahERbdafiPHBELGEAN ul¢afEcathes| resistant

hexasul fate, Bbdmsuerose @@ﬂhpﬁﬂ!;iﬁ@ecr3§s JAlM@é@ngIE§§é1@g REEPE L NG £ any
one of clains ri sing an anti-mcrobial agent, an 20

72, furt
anti-viral ag%n?§agﬁnaﬁ??9$%ﬁﬁg{Sﬁﬁnﬁ?arﬁ bWEh factor, an

anti-dehydrati on agent or an anti-septic agent. 74. A wound dressing

according to aim 73, e Gl robial. a t i.s sejected from
the group 25 ggn5|stdngﬂptff%£%|%z$d? #Hﬂ%b fa4 y%%glﬁg$ﬁﬂ%
ne

streptomnycin, Sepdfak herfapuprhses| @uossmmmi@rzecslym@ﬂ oxatitmyral
spar f 1 oxaci n, 61§ﬁ@P'Céﬁ,lﬁﬁéégégﬂlcggl glagidfro §£ergfps%@f??enelc

tetracycline, % cin, | oxaci n, doxycycli ne,  anpi
anmphot eri ci n Els ‘é)eke? %%%%%%Jr% t%?%%na%%%gerww et PRe nend sul f adi azi ne,

cl i ndanydion, téomisomyel dns peéadddi ne, at ovaquone, parononycin, dicl azari
acyclovir, trifluorouridine,
57. A kit for repairing a tissue injury, comprising:
(”3 (a) a sterile container having one or more
devices according to any one of claims 38 to 51 or an
15 implant according to any one of claims 52 to 56; and

(b) instructions for use on an injured subject.

58. A kit according to claim 57, further comprising:
(c) a harvesting tool for collecting at least

20 one viable tissue sample from an injured subject.

59. A kit according to claim 58, further comprising
at least one reagent for sustaining the viability of the

at least one tissue sample.

25
{4} ______ 60. A kit of claim 58, wherein the harvesting tool

further comprises a processing tool for dividing the
tissue sample, under sterile conditions, into at least one
tissue fragment.

30
61. A method of treating living tissue, comprising:

(a) providing a calcification resistant

biomaterial according to claim 34; and
(b) implanting the biomaterial in a subject in

35 need of treatment.

62. A method according to claim 61, wherein the




foscarnet, penicillin, gentamcin, ganciclovir, iatroconazole, mconazole,
Zn-pyrithione, heavy netals 35 including, but not limted to, gold,
pl ati num silver, zinc and copper, and their conbi ned forns including,
salts, such as chloride, brom de, iodide and periodate, 76 and conpl exes
with carriers, and other fornms. 75. A woynd-dressing according to claim 73,
\anerei P bt hgl grow h factor agent is selected fromthe group 5 consisting of
asic fibroblas owt.h. f ac ) fi f or
(aFGF), ner ve© { V\ihca%la% o]%e%]r\égq: blocfgarcérra lCaglr ol\%r/t %q%‘cg% (?%ra((%vgdﬁ i
insulin-like OJgr@wm 4 aetdrerld didlee. (1GF-1 and | GF-2), platelet derived
growth factor (PDGF), tunor angiogenesis factor 10 (TAF), vascul ar
endot helial growmth factor (VEGF), corticotropin rel ea5| n act (CRF),

transformng gowth fdetmsdiod HFQSICEGEa ﬁ’r}ml'éé 1° L'Ikl n- 8
(ItL 8|) ;k5gr aﬂ@fg@yﬁ Scdr?@fmh@ﬁm%m sdf raﬂfmxmg; ftara GIaJ(C@\ﬂlﬁﬁli)Lon
interl eukins, and interferons cal ci t I
conprising cFossstahkdy ¥ott HyEh- W‘lefrké nA AT O&Lt{ rfgtcg?{eg; eria

conpri se secosdafycamaiesy 20:at7ed A cal cificati on resi st ant b| omat eri al
according to claim76, wherein the biomaterial conprises at |least 50%
collagen. 78. A calcification resistant biomaterial according 25 to claim
77, wherein t6é. bi onat & imdthashpréaesliang [teasny P0% &l 19gems 61 to 63,

10 wherein the method of treating tissue is a tissue
treatment technique selected from the group consisting of
tissue repair, tissue bulking, cosmetic treatment,

therapeutic treatment, tissue augmentation, and tissue

sealing.

15
65. A wound dressing comprising a calcification
resistant biomaterial comprising cross-linked collagen,
wherein said collagen comprises secondary amines.

20 66. A wound dressing according to claim 65, wherein

said calcification resistant biomaterial has been exposed

to alcohol before cross~linked.

67. A wound dressing according to claim 66, wherein

25 said alcohol is a C;-Cg¢ lower alcohol.

68. A wound dressing according to claim 67, wherein
the C;-Cs lower alcohol is selected from the group
consisting of methanol, ethanol, cyclohexancol,

30 isopropanol, propanol, butanol, pentanol, isobutanol, sec-

butanol and t-butanol.

69. A wound dressing according to any one of claims
65 to 68, wherein the cross-linking agent is selected from

35 the group consisting of carbodiimide, polyepoxy ethers,
divinyl sulfone (DVS), genipin, polyaldehyde and
diphenylphosphoryl azide (DPPA)

e’



79. A calcification resistant biomaterial according to claim78, wherein
the biomaterial conprises at |east 30 90% collagen. 80. A calcification
resi stant biomaterial according to claim79, wherein the bionmateri al

consi sts essentially of collagen.
- 75 =

70. A wound dressing according to claim 69, wherein

the polyaldehyde is glutaraldehyde.

5 71. A wound dressing according to any one of claims
65 to 70, wherein the biomaterial is selected from the
group consisting of ovine collagen, bovine collagen,
caprine collagen, equine collagen, porcine collagen,
marsupial collagen and human collagen.

10
12. A wound dressing according to claim 71, further
comprising a sulphated polysaccharide selected from the
/s group consisting of heparin, chondroitin sulphate, dextran
) sulfate, dermatan sulfate, heparan sulfate, keratan
15 sulfate, hexuronyl hexosaminoglycan sulfate, inositol

hexasulfate, and sucrose octasulfate.

73. A wound dressing according to any one of claims
65 to 72, further comprising an anti-microbial agent, an
20 anti-viral agent, an anti-fungal agent, a growth factor,

an anti-dehydration agent or an anti-septic agent.

4. A wound dressing according to claim 73, wherein
the anti-microbial agent is selected from the group
25 consisting of isoniazid, ethambutol, pyrazinamide,

J streptomycin, clofazimine, rifabutin, fluoroquinolones,
ofloxacin, sparfloxacin, rifampicin, azithromycin,
clarithromycin, dapsone, tetracycline, erythromycin,
ciprofloxacin, doxycycline, ampicillin, amphotericin B,

30 ketoconazole, fluconazole, pyrimethamine, sulfadiazine,
clindamycin, lincomycin, pentamidine, atovaquone,
paromomycin, diclazaril, acyclovir, trifluorouridine,
foscarnet, penicillin, gentamicin, ganciclovir,
iatroconazole, miconazole, Zn-pyrithione, heavy metals

35 including, but not limited to, gold, platinum, silver,
zinc and copper, and their combined forms including,
salts, such as chloride, bromide, iodide and periodate,
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and complexes with carriers, and other forms.

75. A wound dressing according to claim 73, wherein
the-growth factor agent is selected from the group
consisting of basic fibroblast growth factor (bEGE),
acidic fibroblast growth factor (aFGF), nerve growth
factor (NGF), epidermal growth factor (EGF), insulin-like
growth factors 1 and 2, (IGF-1 and IGF-2), platelet
derived growth factor (PDGF), tumor angiogenesis factor
(TAF), vascular endothelial growth factor (VEGF) ,

corticotropin releasing factor (CREF), transforming growth

factors aand B (TGF-a and TGF-B) interleukin-8 (IL-8);

granulocyte-macrophage colony stimulating factor (GM-CSF);

interleukins, and interferons.

76. A calcification resistant biomaterial comprising
cross-linked collagen, wherein said cross-linked collagen

comprise secondary amines.

77. A calcification resistant biomaterial according
to claim 76, wherein the biomaterial comprises at least

50% collagen.

78. A calcification resistant biomaterial according
to claim 77, wherein the biomaterial comprises at least

70% collagen.

79. A calcification resistant biomaterial according
to claim 78, wherein the biomaterial comprises at least

90% collagen.

80. A calcification resistant biomaterial according
to claim 79, wherein the biomaterial consists essentially

of collagen.



